Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 






1? 



,,L!.BllH'Sl"*'™""'""i<*I-&Olli.l„l^ 




^^.^..^^'^Ij^.C^^^^^^ ^^^. 



*** ■■ • 



^^> 



"-^^^^ M^isru^L 



>p th: 




OF THB PRINGIPAI« 



INSTEUMENTS 



USED Uff 



AMERICAN ENGINEERING AND SURVEYIN 



MANUFAOrUBEO BT 



W. & L. E. GURLEY, //^ 

TBOY. N. Y. 



^'^'>/N'v%/\/».^A A^ »vru» »*. 



SEVENTEENTH EDITION- RE VISEIX ^^^p 




TROY, N. Y.«, 

FIJBLISHED BY W. & L. E. GUBLET, 

1871. 



IransportatJor 
Ubiary 




o>'3=^ 





^^Btered according to Act of Congrees, in the year WO, 

BY W. & L. E. GURI.BY, 

la the Clerk's Office of the District Cktart for the Northern Dlstriot of 

New York. 



BENJ. D. BENSON, 

PKIJfTEK AND STATIONS*, 

60 Libertjf street^ N. Y. 



TrSi-jspoftation 
Library 



Price List. 

TROY, Juije 1, 1871. 



-•♦•- 



AH prices in this work are in U. S. currency. 



COMPASSES. 

Plain, with Jacob Staff mountings, 4 inch needle $S0 00 

" " 5 " 85(X) 

" " " 6 " 40 00 

Vernier, " " 4 " 40 00 

" »» ** 6 " 45 00 

** " " 6 " 50 00 

Bailroad, ** *' single yemier to limb, 6 inch needle 65 00 

" " " " Ci .... 70 00 

" •♦ ♦♦ double " 5i .... 80 00 

'JElx.'trsLS. 

Compass tripod, with cherry legs 8 00 

" " leyeling screws and clamp and tangent movements. . . 18 00 

" mountings without legs 7 00 

Compound tangent ball 6 00 

Adjusting socket 4 00 

Jacob Staff mountings, brass head 2 60 

" " steelpoint 60 

Brass cover for compass glass .• 1 00 

Outkeeper for keeping tally 1 00 

TRANSITS. 

Vernier, plain telescope,*** 4 inch needle, with compass tripod 75 00 

'» »» 6 " " " 80 GO 

»* " 6 " " " 86 00 

Surveyor^B " 4 inch single vernier to limb, adjusting tripod 185 00 

" " 6 " " " " .... 140 00 

" " 6* " " " " .... 140 00 

" ♦* 4 inch double vernier to Ifanb, ♦♦ .... 160 00 

" »' 6 " " " " .... 165 00 

" " 6k " " " " .... 106 00 

Engineers* ** 4 inch double vernier to limb 175 00 

t ♦* 6 " " " " .... 180 00 

" " 6 inch, with watch telescope 230 00 

♦' " 5 inch, with theodoUte axis 220 00 

* A "plain" telescope is one without any of the attachments or extras, as we 
term them, such as the clamp and tangent, rertlcal ckda ^'ti^V^-s;^ 
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!E:«3i:tra8 to rFra^ntslts. 

Vertical circle, 8^ inch diameter, vemter reading to five minates $8 OO 

*♦ 4i " " " single " 14 OO 

Clamp and tangent movement to axis of telescope 7 00 

Level on telescope, with ground babble and scale 14 00 

Rack and pinion movement to eye-glass 5 00 

Sights on telescope, with folding joints 8 00 

Sights on standards at right angles to telescope 8 00 

SOLAR COMPASSES. 

Solar compass, with adjusting sockets and tripod , . . 210 00 

Solar telescope compass, with adjusting socket and leveling tripod 286 00 

Micrometer telescope, 16 to 90 inches long, with rack movement to object- 
glass, and with movable dips to attach the sighte to No. 1 85 00 

LEVELING BODS, &c. 

Yankee or Boston 16 00 

New York, with improved mountings 16 00 

Mountings for New York rod, target 6 50 

»* " " damp 250 

LEVELING INSTRUMENTS. 

Slxtecn-inch telescope, with adjusting tripod 135 00 

Eighteen " " '♦ 185 00 

Twenty _ " " " 135 00 

Twenty-two inch telescope " 136 00 

• Pifteen-lnch dumpy, or builder^s level, with adjusting tripod 75 00 

Eleven " " " " 60 00 

'* ^* " with adjusting socket and tripod. ... 65 00 

CHAINS. 

• 

100 feet, with oval rings, No. 5 refined iron wire 12.00 

»» " »' 6 " " 9 00 

eofeet, " " ♦' ♦* 6 50 

50feet, " " 6 " " 5 00 

66 feet, " »* 8 " " 4 75 

83feet, " " 8 ♦* " 2 75 

CCfeet, " " 10 " " 4 00 

SSfeet, " " 10 " " 2 50 

lOOfeet, ♦* " 8 best steel wire 12 00 

IGOfeet, ♦> *♦ 10 " " 10 50 

eOfteet, " ** 8 ♦' " '. 6 60 

eOfeet, " " 10 " " 5 75 

66feet, " " 8 " " 10 50 

66feet, " " 10 " " 8 00 

SSfeet, " »♦ 8 " " 6 75 

SSfoet, " " 10 " " 450 

100 feet, brazed links and rings, No. 12 best steel wire, tempered 15 00 

SOfeet, " ♦♦ 12 " 8 Oa 

66feet, " " 12 •♦ 14 00 

SSfeet, " •* 12 ♦' 7 00 
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Oru.ixiixia>ii 3Pa/1:ei:it} Olialns* 

Drag ChjoAns, \ 

66 feet, No. 15 tempered steel wire, 100 links, weight \\ lbs $10 00 

With 10 extra links. 

83 " 15 " " 60 " " I " 6 00 

With 5 extra links. 

100 " 15 ** ♦» 200 " " 2 " 14 00 

With 15 extra links. 

50 " 15 " " 100 " " 1 " 8 00 

With 10 extra links. 

83 feet, No. 12 wire, 5 tallies, with 5 extra links, weighs \\% lbs : . . 7 00 

66 '^ 12 " 10 " 10 " " 8 " 14 00 

50 " 12 "5 " 5 " " 2J " 8 00 

100 " 12 " 10 ** 10 " " 4i *' 15«) 

Spring balance to use with either of the above-named chains 2 00 

50 feet, No. 18 tempered steel wire, 100 links, no rings, with attachments of 
spring-balance, level, and thermometer, for very accurate measurements, 

weightflbs 1700 

Set ot 10 marking pins, very light, with leather case St (-0 

Brass plummet, to use with light chain 2 CO 

Lead " " " 150 

MARKING PINS. 

Set of 11 pins, iron wire. No. 4 1 50 

" '' steel wire. No. 6 2 00 

" " brass wire. No. 4 3 00 

MEASURING TAPES. 

Cbesterman^B steel, 10 feet— lOths or 12ths— German silver case $3 50 

do do 10 feet — 12ths on one side, the other to metres and milli- 

do do 83 feet— lOths or ISths ...!*.'..!*.!!.'!!!.'!. .' . . . . WW \ .'.*!! .' .' 6 75 

do do 50feet— " " 9 00 

do do 66feet-- " »* 11 fcO 

do dolOOfeet— " " 17 00 

do metaUic, 83 feet— " ♦» 2 50 

do do 50feet— " " 8 25 

do do 66feet— »* " 4 25 

do do 70feet— " " 8 85 

do do SOfeet— " " 4 25 

do dolOOfeet— ** *• 5 25 

POCKET COMPASSES. 

With folding sights, 2^ inch needle, very serviceable for tracing lines once 

surveyed 9 00 

With folding sights, 2i inch needle, with Jacob staff mountings 11 CO 

kt ii «l Ql (4 k( ii (i j^3 g^ 

" »* " 8i *• " " " and two ievels 15 00 

" " " 3i '* without mountings or levels 11 CO 

Vernier pocket compass, with staff mountings, two levels, and 3i inch needle 18 iSS 

Pocket compasses without sights see Supplement. 

Miners^ compass, or dipping needle, for tracing iron ore, a new and beautiful 

article, glass on both sides 10 CO 

Miners' compass, or dipping needle, with stop to needle 12 00 

DRAWING INSTRUMENTS. 

French and German see Supplement, ^^ 

Swiss 

Drawing, profile, and cross-section paper \^ 

Colors, pencils, ink, brushes, &c .'• ,.,. 

Books on engineering and surveying w 

Teleacopea, microscopes, opera-glae&ee, &<i 
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Instsuxentb Wanted. — ^In regard to the best kind of instruments fof 
particular purposes, we would here say, that where only common sur- 
veying, or the bearing of lines in the surveys for county maps is required, 
a plain compass is all that is necessary. In cases where the variation 
of the needle is to be allowed, as in retracing the lines of an old survey, 
&c., the vernier compass or the vernier transit is required. 

Where, in addition to the variation of the needle, horizontal angles 
are to be taken, and in cases of local attraction,- the railroad compass is 
preferable; and for a mixed practice of surveying and engineering, we 
consider the surveyor's transit superior to any instrument made by us 
or any other manufacturers. 

In the surveys of U. S. public lands, the county and township lines 
are required to be run by such instruments as the solar compass. 

Where engineering is the exclusive design, the engineer's transit and 
the leveling instrument are of course indispensable. 

The bailders' level is intended for laying out mill seats and determining 
the levels of buildings in course of erection. 

Warrantt. — ^All our instruments are examined and tested by us in 
person, and are sent to the purchaser adjusted and ready for immediate 
use. 

They are warranted correct in, all their parts — ^we agreeing in the event 
of any defect appearing after reasonable use, to repair or replace with a 
new and perfect instrument, promptly and at our own cost, express 
charges included, or we will refund the money and the express charges 
paid by the customer. 

Instances may sometimes occur, in a business as large and widely 
extended as ours, where, owing to careless transportation, or to defects 
escaping the closest scrutiny of the maker, instruments may reach our 
customers in bad condition. We consider the retention of such instru- 
ments in all cases an injury very much greater to us than to the pur- 
chaser himself. 
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Tbial ot Instruments. — ^It may oft^n happen that this statemeiit of 
th^ prices and quality of our instruments may come into the hands of 
those who are entirely unacquainted with us, or with the quality of our 
work, and who therefore feel unwilling to make a final purchase of an 
article, of the excellence of which they are not perfectly assured. 

To such we make the following proposition: We will send the instru- 
ment to the express station nearest the person giving the order, and 
direct the express agent, on delivery of the same, to collect our bill, 
together with charges of transportation, and hold the money on deposit 
nntil the purchaser shall have had, say two weeks,actual trial of its quality. 

If not found as represented, he may return the instrument before the 
expiration of that time, and receive the money paid, in full, including 
express charges, and direct the instrument to be returned to us. 

Extent of our Business. — The manufacture of surveying instruments 
has been conducted by us over twenty-five years, and thousands of our 
instruments have been distriouted to customers in all parts of the United 
States and Canadas; in Cuba, South America and the Sandwich Islands. 

Our facilities for manufacturing, which for many years have been far 
superior to those of any other similar establishment, we have now (1870) 
greatly increased by the introduction of new machinery and tools of the 
most improved construction. Our manufactory has been re-built of 
nearly three times its former size, and we are better prepared than ever 
before to fill orders for any of our instruments with promptness and satis- 
faction. 

Low Prices op our Instruments. — ^It is often urged by other makers, 
and persons prejudiced in their favor, that it is impossible to make first 
rate instruments at the prices charged by us^ and which are so very far 
below those of other skillful manufacturers. 

We have only to reply, in addition to what we have stated in our war- 
ranty, that a visit to our works, and a comparison of our facilities, with 
those of our competitors, would dispel all questions as to our ability to 
surpass them, not only in the cheapness, but also in the superior quality 
of our work. 

Packing, &o. — Each instrument is packed in a well finished mahogany 
case, furnished with lock and key and brass hooks, the larger ones hav- 
ing besides these, a leather strap for convenience in carrying. Each case 
is provided with screw drivers, adjusting pin, and wrench for centre pin, 
and, if accompanied by a tripod, with a brass plumb-bob; with all instru- 
ments for taking angles, without the needle, a reading microscope is also 
furnished . 
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Unless the purchaser is already supplied, each instrument is accom« 
' iiied by our ^' Manual," giving fUU instructions for such adjustments and 
repairs as are possible to one not provided with the facilities of an instru* 
ment maker. 

When sent to the purchaser, the mahogany cases are carefully enclosed 
in outside packing boxes, of pine, made a little larger on all sides to 
allow the introduction of elastic material, and so effectually are our instru- 
ments protected by these precautions^ that of several thousand sent out 
by us during the last twenty years, in all seasons, by every mode ol 
transportation, and to all parts of the Union and the Canadas, not more 
than three or four have sustained any serious injury. 

Means or Transportation. — Instruments can be sent by express to 
almost every town in the United States and Canadas, regular agents 
being located at all the more important points, by whom they are for- 
warded to smaller places by stage. The charges of transportation from 
Troy to the purchaser are in all cases to be borne by him, we guaran- 
teeing the safe arrival of our instruments to the extent of express trans- 
portation, and holding the express companies responsible to us for all 
kMues or damages on the way. 

Finish op Instrumints. — Customers ordering instrnments, will do at a 
favor by mentioning whether they prefer them of bright> or bronze finisht 
the cost being the same in either case. 

If no direction is given, we usually send instrnments finished bright. 

Terms of Payment are uniformly cash, and we have but one price, 
whether ordered in person or by mail. Oar terms are as low as we think 
instruments of equal quality can be made, and will not be varied from the 
list given on the previous pages. 

Remittances may be made by a draft, payable to oar order at Troy, 
Albany, New York, Boston or Philadelphia, which can be procured from 
banks or bankers in almost all the larger villages, or by post offiee money 
order. 

These may be sent by mail with the order for the instrument, and if 
lost or stolen on the route, can be replaced by a duplicate draft, obtained 
as before, and without additional cost. 

The customer may also send the money in advance through the express 
agent, or as is most common, may pay the agent on receipt of the instru- 
ment in funds current in New York or Boston. 

The cost of returning the money on bills collected by express of amounts 
■nder $20, will be charged to the customer. 
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REPAIR OF INSTRUMENTS. 



Hnndreds of instraments of our own and others' make, oome to ns every 
year for refitting and repairs, and so much correspondence arises therefrom, 
that we are led to helieve that a brief statement in this place, of the cost 
of snch repairs, Ac, will be of service to oar customers and ourselves. 

Most instruments sent tons for repairs are injured by falls; many are 
worn and defective in parts after long use; and others are sent for repolish- 
ing and renovation. 

We advise our customers having instruments in need of repairs, Ac, to 
send them immediately to us, as our facilities enable us to do the work 
much more economically and promptly than any other maker however ac- 
cessible. 

They should always, when practicable, be placed in their own boxes, and 
these inclosed in an outside packing case, an inch larger in all its dimen- 
sions, that the interval between the two may be filled with paper wadding, 
hay or fine shavings. 

A note specifying the repairs needed, should accompany the instrument, 
and a letter should also be sent by mail to us, giving not only directions as 
to the repairs, but also stating when the return of the instrument is re- 
quired, and the precise location to which it should be forwarded. It should 
also be remembered that each instrument is made to fit its own spindlo and 
no other; and therefore this part with the parallel plates and leveling 
screws, if it has any, should always be sent with it. 

The legs and brass head in which they are inserted need never be sent, 
nnless themselves in need of repairs. 

Compasses. — These come to us with the plates sprung, the sights bent 
or broken, the glass or level vials fractured, and the pivot so dulled as to 
render the needle sluggish and unreliable. The cost of repairing the de- 
fects above named, ranges from 2 to S or 10 dollars. A new pair of sights 
fitted costs 5 dollars; a new needle, with jeweled centre and pivot com- 
plete, $2.50; a new jeweled centre, $1.50. 

The compass should always be accompanied by the ball spindle, and if a 
new ball spindle is required, the whole instrument, or at least the socket in 
which the spindle fits, should be sent with the letter of advice to us ; a new 
ball spindle costs two dollars. 

Transit Instruments. — The repairs of the Vernier Transits cost about 
the same as those of the compasses above stated. 

The injuries sustained by the falls of Engineers' and Surveyors* Transiti 
%re usually much more serious ; in these the plates, standards and cross* 
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PREFACE 



TO THE SEVENTEENTH EDITION. 



We herewith present the Engineers and Surveyors of the 
Union, this new edition of our Httle work, matjerially en- 
larged, and, as we trust, improved. 

We are now much better furnished with facilities of all 
kinds to prosecute with enlarged success the business which 
we have conducted over twenty-six years. 

It is with the hope, therefore, that we shall still further 
enlarge the Hst of our many patrons and friends in this 
and in other countries, and that this description of our 
Instruments may be of increasing service to the Surveyor 

« 

and Engineer, that we now commit it to their indulgence. 

W. & L. K GUELEY. 
Troy, June, 1871. 
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The various inatruments used in Surveying may be conve- 
niently arranged, into two general divisions. 

(1.) Needle instruments, — or such as owe their accuracy 
and value to the magnetic needle only, embracing the Plain 
and Vernier compasses, and the Vernier Transit. 

(2.) Angular instruments, including those in which the 
horizontal angles, are measured by a divided circle and ver- 
niers, as well as by the needle also; as the Eailroad Com- 
pass, the Surveyors' and Engineers' Transits, &c. 

In the present work we shall consider first, those instru- 
ments comprised in the first ^Jivision, and, as in these the 
accuracy of the horizontal angles indicated, depends upon 
the delicacy of the needle, and the constancy with which it 
assumes a certain direction, termed the " magnetic meridian," 
we shall here remark briefly upon the form, the lengthy and 
the movemerd of 

The Magnetic Needle. — The forms of the needle are almost 
infinitely varied, according to the taste or fancy of the maker 
or surveyor, but may be resolved into two general classes, 
one having the greatest breadth in a horizontal, the other in 
a vertical direction. 

We have usually made our needles about one-twertieth of 
an inch broad and one-third as thick, parallel from end to 
end, the north and south poles being distinguished from each 
other, by a small scollop on the north end. 

Of course the form of the needle is always varied according 
to the choice of our customers, and without additional charge. 

The length of the needle varies in different instruments, 
from four to six or even seven inches, those of five and a half, 
or six inches long, being generally preferred by surveyors. 

The movement of the needle, with the least possible friction, 
IB secured by suspending it, by a steel or jewel centre, upon 
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a hardened steel pivot, the point of which ie made perfectly 
Bha,rp and amoiith. 

The test of the delicacy of a magnetic needle is the num- 
ber of horizontal vibrations, which it will make in a certain 
arc, before coming to rest — besides this most surveyors pre- 
fer also to seeasort of qniveringmotionin a vertical direction. 

This quality, which is manifested more in a horizontal, 
than in a vertical needle, and depends upon the near coinci- 
dence of the point of suspension with the centre of gravity 
of the needle, serves to show merely that the cap below is 
unobstructed. 

Having now considered the different qualities of a good 
needle, we shall proceed to speak of those instruments of 
which it makes so important a part; of these, the most sim* 
pie is that termed tite 

PLAIN COMPASS. 
Fig. 1. 




is represented above, the Plain Compass has a needle sii 
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Inches long, a graduated circle, main plate, levels and sights, 
and is placed upon the brass head of the " Jacob staflf." 

The Compass Circle in this, as in all our instruments, is 
divided to half degrees on its upper surface, the whole degree 
marks being also cut down on the inside circumference, and 
is figured from to 90, on each side of the centre or " line 
of zeros." 

The circle and face of the compass are silvered. 

The Spirit Levels are placed at right angles to each other 
BO as to level the plate in all directions, and are balanced 
upon a pivot underneath the middle of the tube, so as to be 
adjustable by a common screw-driver. 

The Sights, or standards, have fine slits cut through nearly 
their whole length, terminated at intervals by large circular 
apertures, through which the object sighted upon is more 
readily found. Sometimes a fine horse-hair or wire is sub- 
stituted for one half the slit, and placed alternately with it 
on opposite sights. 

Tangent Scale. — The right and left hand edges of the 
sights of our compasses, have respectively an eye-piece, land 
s, series of divisions, by which angles of elevation and de- 
pression, for a range of about twenty degrees each way, can 
be taken with considerable accuracy. 

Such an arrangement is very properly. termed a "tangent 
scale," the divided edges of the north sight, being tangents 
to segments of circles having their centres at the eye-pieces, 
and their points of contact with the tangent lines at the zero 
divisions of the scale. 

The cut shows the eye-piece and divisions for angles of de- 
pression; those for angles of elevation, concealed in this cut, 
are seen in that of the Railroad Compass. 

The Jacob Staff mountings which are furnished with all 
our compasses, and packed in the same case, consist of the 
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brass head already mentioned, and an iron ferule or shoeii 
pointed with steel, so as to be set firmly in the ground. 

The staff, to which the mountings should be securely fas- 
tened, is procured from any wheelwright, or selected by the 
surveyor himself from a sapling of the forest. 

To adjust the Compass. 

The Levels. — First bring the bubbles into the centre, by 
the pressure of the hand on different parts of the plate, and 
then turn the compass half way around ; should the bubbles 
run to the end of the tubes, it would indicate that those ends 
were the highest ; lower them by tightening the screws 
immediately under, and loosening those under the lowest 
ends until, by estimation, the error is half removed ;' level 
the plate again, and repeat the first operation until the bub- 
bles will remain in the center, during an entire revolution of 
the compass. 

The Sights may next be tested by observing through the 
slits a fine hair or thread, made exactly vertical by a plumb. 
Should the hair appear on one side of the slit, the sight must 
be adjusted by filing off its under surface on that side which 
seems the highest. 

The Needle is adjusted in the following manner : Having 
the eye nearly in the same plane with the graduated rim of 
the compass circle, with a small splinter of wood or a slender 
iron wire, bring one end of the needle in line with any pro- 
minent division of the circle, as the zero, or ninety degree 
mark, and notice if the other end corresponds with the degree 
on the opposite side ; if it does, the needle is said to "cut" 
opposite degrees ; if not, bend the centre-pin by applying a 
small brass wrench, furnished with our compasses, about 
one eighth of an inch below the point of the pin, until the 
ends of the needle are brought into line with the opposite 
degrees. 
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Then holding the needle in the same position, turn the 
compass half way around, and note whether it now cuts 
opposite degrees ; if not, correct half the error by bending 
the needle, and the remainder by bending the centre-pin. 

The operation should be repeated until perfect reversion is 
secured in the first position. 

This being obtained, it may be tried on another quarter of 
the circle ; if any error is there manifested, the correction 
must be made in the centre-pin only, the needle being already 
straightened by the previous operation. 

When again made to cut, it should be tned on the other 
quarters of the circle, and corrections made in the same man- 
ner until' the error is entirely removed, and the needle will 
reverse in every point of the divided surface 

To vjse the Compass. 

In using the compass the surveyor should keep the south 
end towards his person, and read the bearings from the north 
end of the needle. He will observe that the E and W letters 
on the face of the compass tire reversed from their natural 
f>osition, in order that the direction of the line of sight may be 
c<;rrectly read. 

The compass circle being graduated to half degrees, a 
little practice will enable the surveyor to read the bearings 
to quarters, or even finer — estimating with his eye the space 
bisected by the point of the needle, and as this is* as low as 
the traverse table is usually calculated, it is the general 
practice. 

Sometimes, however, a small vernier is placed upon the 
south end of the needle, and reads the circle to five minutes 
of a degree — the circle being in that case graduated to whole 
degrees. 

This contrivance, however, is quite objectionable on 
account of the additional weight imposed on the centre-pin, 

2 
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and the difficulty of reading a vernier which is in constant 
vibration, and is therefore but little used. 

To TAKE Angles of Elevation. — Having first leveled the 
compass, bring the south end towards you, and place the eye 
a I the little button, or eye piece, on the right side cf the south 
sight, and with the hand fix a card on the front surface of the 
north sight, so that its top edge will be at right angles to 
the divided edge, and coincide with the zero mark ; then 
sighting over the top of the card, note upon a f agsta£f the 
height cut by the line of sight ; then move the staff up the 
elevation, and carry the card along the sight until the line 
of sight again cuts the same height on the staff, read off the 
degrees and half degre^es passed over by the card, and we 
shall have the angle required. 

For Angles op Depression. — Proceed in the same manner, 
using the eye-piece and divisions on the opposite sides of the 
sights, and reading from the top of the standards. 

Jacob Staff Socket. — The compass is furnished with a 
ball spindle, or socket, upon which it turns, and by which it 
is levelled. The ball may be placed in a single or "Jacob 
staff" socket, as represented in the figure, or in a compass 
tripod, such as is shown in the cut of the Vernier Transit 
beyond. 

Clamp Screw. — In the side of the hollow cylinder, or socket 
u/ the compass, which fits to the ball spindle, is a screw by 
which the instrument may be clamped to the spindle in any 
position. 

Spring Catch. — Besides the clamp screw, we have recently 
fitted to the sockets of our compasses a little spring catch, 
which, as soon as the instrument is set upon the spindle, 
slips into a groove, and thus removes all danger of falling 
when the instrument is carried. 

Needle Lifter. — There is also underneath the main plate^. 
a needle lifting screw which, by moving a concealed spring, 
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raises the needle from the pivot, and thus prevents the blunt- 
ing of the point in transportation. 

When the compass is not in use it is the practice of many 
surveyors to let down the needle upon the point of the centre- 
pin, and let it assume its position in the magnetic meridian, 
BO as to retain or even increase its polarity. 

We would advise in addition, that after the needle has set- 
tled it should be raised against the glass, in order not to dull 
the point of suspension. 

OuTKEEPER. — A small dial plate, having an index turned by 
a milled head underneath, is often used with this and the 
other compasses to keep tally in chaining. 

The dial is figured from to 16, the index being moved one 
notch for every chain run. 

ELECTRicrrY. — A little caution is necessary in handling the 
oompass, that the glass covering be not excited by the fric- 
tion of cloth, silk,- or the hand, so as to attract the needle to 
its under surface. 

A brass cover is sometimes fitted over the glass of the 
compass, and serves to protect it from accident, as well as 
to prevent electric disturbance. 

When, however, the glass becomes electric, the fluid may 
be removed by breathing upon it, or touching diflerent parts 
of its surface with the moistened finger. 

An ignorance of this apparently trifling matter has caused 
many errors and perplexities in the practice of the inexpe- 
rienced surveyor. 

Repairs of the Compass. 

To enable the surveyor to make such repairs as are possi- 
ble without having recourse to an instrument maker, we here 
ftdd a few simple directions. 

1. The Needle. — It may sometimes happen that the needle 
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Las lost its polarity, and needs to be re-magnetized; this is 
efiectcd in the following manner: 

The operator being provided with an ordinary permanent 
magnet,* and holding it before him, should pass with a gentle 
pressure each end of the needle from centre to extremity over 
tlie magnetic pole, describing before each pass a circle of 
about six inches radius, to which the surface of the pole is 
tangent, drawing the needle towards him, and taking care 
that the north and the south ends are applied to the opposite 
poles of the magnet. 

Should the needle be returned in a path near the magnetic 
pole, the current induced by the contact of the needle and mag- 
net, in the pass just described, would be reversed, and thus the 
magnetic virtue almost entirely neutralized at each operation. 

When the needle has been passed about twenty-five times 
iu succession, in the manner just described, tt may be con- 
sidered as fully charged. 

A fine brass wire is wound in two or three coils on the 
south end of the needle, and may be moved back or forth in 
order to counterpoise the varying weight of the north end. 

2. The Centre Pin. — This should occasionally be examined, 
and if much dulled, taken out with the brass wrench, already 
spoken of, or with a pair of plyers, and sharpened on a hard 
oil stone — the operator placing it in the end of a small stem 
of wood, or a pin vice, and delicately twirling it with the Vi- 
gors as he moves it back and forth at an angle of about 30 
deg. to the surface of the stone. 

When the point is thus made so fine and sharp as to be 
invisible to the eye, it should be smoothed by rubbing it on 
the surface of a soft and clean piece of leather. 

3. To PUT IN A New Glass. — Unscrew^the **bezzle ring'* 
^hich holds it, and with the point of a knife blade spring 

* A magnet srai table for this purpose oosts from 12 to 25 cents. 
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ont the little brass ring above the glass, remove the old 
glass and scrape out the putty ; then if the new glass does 
not fit, smooth off its edges by holding it obliquely on the 
surface of a grind stone until it will enter the ring easily ; 
then put in new putty, spring in the brass ring, and the 
operation will be complete. 

4. To REPi.ACE A Spirit Level. — Take out the screws which 
hold it on the plate, pull off the brass ends of the tube, and 
with a knife bl.ade scrape out the plaster from the tube; then 
with a stick made a little smaller than the diameter of the 
tube, and with its end hollowed out, so that it will bear only 
on the broad surface of the level vial, push out the old vial 
end replace it with anew one, taking care that the crowning 
side, which is usually marked with a file on the end of the vial, 
is placed on the upper side. 

When the vial does not fit the tube it must be wedged up 
by putting under little slips of paper until it moves in snugly. 

After the vial is in its place, put around its ends a little 
boiled plaster, mixed with water to the consistency of putty, 
taking care not to allow any to cover the little tip of Iho 
glass, then slip in the brass ends and the operation will be 
completed. 

A little beeswax, melted and dropped upon the ends of the 
vial, is equally as good as the boiled plaster, and often more 
easily obtained. 

We would here remark that an extra glass and level viala 
are always furnished, free of charge, with our instruments, 
whenever desired by the purchaser. 

Sizes of the Plain Compass. 

Three different sizes of this instrument are in common use, 
having respectively four, five and six-inch needles, and dif- 
fering also in the length cf the main plate, which in tlio four 
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inch compass is twelve and a half inches long, and in the 
larger sizes, fifteen and a half inches. 
The six-inch needle compass is generally preferred. 

Weight of the Plain Compasses, 
The average weights of the different sizes, with the brass 
mountings of the Jacob staff, are : 

For the 4-inch needle, 6 Ihs. 
For the 5-inch needle, 7^ lbs. 
For the 6-inch needle, 8^ Ibq. 

The plain compass, which was the only one in use in this 
country previous to the time of David Rittenhouse, has grad- 
ually given way to the superior advantages of tho Vernier of 
Rittenhouse compass, which we shall now proceed to describe 
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Surveying Instruraents. 



THE VERNIER COMPASS. 

This instrument, represented in the engraving opposite, is in 
most respects like that already described, differing from it 
mainly in having its compass circle, to which is attached a 
" vernier,'* movable about a common centre a short distance 
in either direction, thus enabling the surveyor to set the zeros 
of the circle at any required angle with the line of sights, 
the number of degrees contained in this angle or the *' varia- 
tion of the needle " being read off by the vernier. 

The movement of the circle is effected either by a slow 
moving or 'Hangent screw," as shown in the engraving, or by 
a concealed rack and pinion — the head of which projects from 
the under side of the main compass plate. 

When the variation is set off as described, the circle is se- 
curely fastened in its position by a clamping nut underneath 
the main plate. 

Ball Spindle. — The compass is usually fitted to a spindle 
made slightly conical and having on its lower end a ball turned 
perfectly spherical, and confined in a socket by a pressure so 
light that the ball can be moved in any direction in the opera- 
tion of leveling the compass. 

The ball is placed either in the brass head of the tfacQb 
Staff already shown with tl^e previous instrument, qv still 
better, in the coippass tripod seen in tl^e engraving of the 
Vernier Transit beyond. 

7he superiority pf the yernier over the pUin cpn^pass cox^ 
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Bists in its adaptation to the retracing the lines of an old 
survey, and to the surveys of the U. S public lands, where 
the lines are based on a true meridian. 

Variation of the Needle. 

It is well known that the magnetic needle, in almost all 
parts of the United States, points more or less to the east or 
west of a true meridian, or north and south line. 

This deviation, which is called the variation or declination 
of the needle, is not constant, but increases or decreases to 
a very sensible amount in a series of years. 

Thus at Troy. N. Y., a line bearing in 1838, N. 31^ E., 
would now, 1870, with the same needle, have a bearing of 
about N. 32^ E., the needle having thus in that interval 
travelled a full degree to the west. 

For this reason, therefore, in running over the lines of a 
farm from field notes of some years standing, the surveyor 
would be obliged to make an allowance, both perplexing and 
uncertain, in the bearing of every line. 

To avoid this diflBculty the vernier was devised, the arrange- 
ment of which we shall now describe. 

The Vernier is divided on its edge to thirty equal parts, 
and figured in two series on each side of the centre line. 

In the same plane with the vernier is an arc or limb, fixed 
to the main plate of the compass, and graduated to half 
degrees. 

The surfaces of both vernier and limb are silvered. 

On the vernier are thirty equal divisions, which exactly 
correspond in length with thirty-one of the half degrees of 
the limb. 

Each division of the vernier is, therefore, one-thirtieth or, 
in other words, one minute longer than a single division of 
the limb. 

To Read the Vernier. — In " reading '^ the vernier, if it iff 
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moved to the right, count the minutes from its zero point to 
the left, and vice versa. Proceed thus until a division on 
the vernier is found exactly in line with another on the limb, 
and the lower row of figures on the vernier will give the 
number of minutes passed over. When the vernier is moved 
more than fifteen minutes to either side the number of the 
additional minutes up to thirty or one-half degree of the limb 
is given by the upper row of figures on the opposite side of 
the vernier. 

To read beyond thirty, add the minutes given by the ver- 
nier to that number, and the sum will be the correct reading. 

In all cases when the zero point of the vernier passes 
a whole degree of the limb, this must be added to the minutes, 
in order to define the distance over which the vernier has 
been moved. 

To Turn off the Variation. — It will now be seen that the 
surveyor having the vernier compass, can by moving the 
vernier to either side, and with it of course the compass cir- 
cle attached, set the compass to any variation. 

He therefore places his instrument on* some well defined 
line of the old survey, and turas the tangent screw until the 
needle of his compass indicates the same bearing as that 
given in the old field notes of the original survey. 

Then screwing up the clamping nut underneath the ver- 
nier, he can run all the other lines from the old field notes 
without further alteration. 

The reading of the vernier on the limb in such a case would 
give the change of variation at the two different periods. 

The variation of the needle at any place being known, a 
true meridian, or north and south line, may be run by moving 
the vernier to either side, as the variation is east or west, 
until the arc passed over on the limb is equal to the angle of 
variation; and then turning the compass until the needle is 
nfiade to cut the zeros ©n the divided circle, when the line ol 
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the sights would give the direction of the true meridian of 
the place. 

Such a change in the position of the vernier is necessary 
in surveying the U. S, public lands, which are always run 
from the true meridian. 

** The line of no variation, as it is called, or that upon 
which the needle will indicate a true north and south direc- 
tion, is situated in the United States, nearly in an imaginary 
line drawn from the middle of lake Erie to Cape Hatteras, 
on the coast of North Carolina. 

A compass needle, therefore, placed east of this line would 
have a variation to tke west, and when placed west of the 
line, the variation would be to the east, and in both cases 
the variation would increase as the needle was carried far- 
ther from the lipe of no variation. 

Thus in Minnesota the variation is from 15® to 16® to the 
east, while in Maine it is from 17® to 18® to the west. 

At Troy, in the present year, 1870, the variation is about 
9® to the west, and is increasing in the same direction from 
two to three minutes annually. 

To Read to Minutes. — A less important use of the vernier 
is to give a reading of the needle to single minutes, which is 
obtained as follows: 

First be sure, as in all observations, that the zero of the 

vernier exactly corresponds with that of the limb ; then 

noting the number of whole degrees given by the needle, 

move back the compass circle with the tangent screw until 

the nearest whole degree mark is made to coincide with the 

point of the needle, read the vernier as before described, and 

this reading added to the whole degrees will give the bearing 

to minutes. 

To use the Vernier Compass. 

Proceed in the same manner as directed in regard to the 
Plain Compass, when making new surveys, always taking 
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eare that tLe vernier is -set at zero and securely clamped by 
screwing np the nut beneath the plate. 

In surveying old farms, allowance and correction must be 
made for the variation, as just described. 

/Sizes of the Vernier Oompasa. 

We make three sizes of this compass, having needles of four, 
five and six inches long respectively, the main plates of the 
two largest being over fifteen inches long ; and of the smallest 
site, thirteen inches, the sights of the last are also about an 
inch shorter. 

In the four and five inch Yemier Compasses, the variation 
arc IB within the compass circle like that of the railroad com- 
pass hereafter described, and the variation is sot off to min- 
utes by a pinion head underneath the plate ; the circle is also 
qlamped at any variation by a screw placed opposite the pinion. 

Weight of the Vernier Compaaaes. 

The average weights of the different sizes, including the 
brass head of the Jacob Staff, beginning with the smallest, 
respectively 5J, 7^ and 9^ pounds. 
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THE VERNIER TRANSIT. 

This instrument, sh*own in the engraving opposite, resembles 
the Vernier Compass in its construction and general principles, 
differing from it mainly in the use of a telescope in place of the 
ordinary sights. The variation of the needle is set off by a 
pinion, as shown, and the circle clamped by a Jiut underneath 
the plate as usual. 

The instrument is clamped to the spindle and secured from 
falling from it by the clamp screw and spring catch, seen on 
opposite sides of the socket in the engraving. 

The Vernier Transit should, always be used with the com- 
pass tripod at least, as shown in the engraving, and often, es* 
pecially when furnished with the extra attachments to tele* 
scope, is placed upon the light leveling tripod, shown with the 
Surveyor's Transit beyond, and described in our account of 
that instrument. 

The needle of this instrument is either four, five or six 
inches long, as the surveyor may prefer, the one with the six 
inch needle being shown in the engraving, and generally 
selected by our customers. 

The advantages of the Vernier Transit over the ordinary 
compass, are due mainly to the telescope and its attachments 
which we shall proceed to describe in detail. 
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The telescope ia from ten to twelve inch- 
es long, and sufficieutty powerful to see 
ind set a flag at a distance of two miles in 
i clear day. 
The croes-bar in which it is fixed, tuma 
^ readily in the standards, so that the tele- 
f- scope can be turned in either direction, and 
back and fore sights be taken without le- 
moving the instrument. 
Like all telescopes used by us iu our in- 
1 struments, it shows objects iu an erect 
[^ position. 

The TELEscrpE. — The interior constiiio 

tion of the telescope of the Ternier Transit, 

which ia very similar to those of the other 

1 I instruments we shall describe, ia well 

1/ shown iu the longitudinal section represen- 

% ted in fig. 4. 

r Aa here seen, the telescope conaiat^ ea- 

sentially of an object-glaas, an eye-piece 
tube, and a crosa-wire ring or diaphragm. 
A The objectrglass is composed of two 

lenses, one of fiint, the other of crown 
glass, which are ao made and disposed as 
to show the object seen through it without 
color or distortion. 

' The object glass and the whole telescope 
is therefore said to be " achromatic." 

The eye-piece is made up of four piano 
convex lenses, which, beginning at the eyo 
end, and proceeding on, are called reapeo 
tively, the eye, the field, the a.owjli.f^ia'^ 
and the object \en.%ia%. 
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Together, they form a compound microscope, m&gnifying 
. the misiite image of any object formed at the cross-wires by 
Uie interposition of the ubjei^t glass 




Fig S 

The Cross Wires — The cross wire diaphragm, two view* 
of which are heie exhibited is a small ring of brass, sus- 
pended iu the tube of the telescope by four capstan head 
screws, which press upon the washers shown on the outside 
of the tube. 

The ring can thus be moved in either direction by working 
tho screws with an ordinary adjusting pin. 

Across the flat surface of the ring two fine fibres of spi- 
doi"'s web are extended at right angles to each other, their 
, ends being cemented with beeswax or varnish, into fine lines 
cut iu tho metal of the ring. 

The intersection of the wires forms a very minute point, 
which, when they are adjusted, determines the optical axia 
of the telescope, and enables the surveyor to fix it upon ao 
object with the greatest precision. 

Tlie imaginary line passing through the optical axis of the 
telescope, is termed the " line of collimation," and the opera- 
tion of bringing Uie intersection of the wires into the optical 
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axis, is called the " adjustment of the line of collimation.'' 
This will be hereafter described. 

The openings in the telescope tube are made considerably 
larger than the screws, so that when these are loosened, the 
whole ring can be turned around for a short distance in either 
direction. 

The object of this will be seen more plainly, when we de- 
scribe the means by which the wire is made truly vertical. 

The sectional view of the telescope (fig. 4) also shows two 
moveable rings, one placed at A A, the other at C, which 
are respectively used, to effect the centering of the eye-piece, 
and the adjustment of the object-glass slide. 

The centering of the eye-tube is performed after the wires 
have been adjusted, and is effected by moving the ring, by 
means of the screws, shown on the outside of the tube, until 
the intersection of the wires is brought into the centre of the 
field of view. 

The adjustment of the object slide, which will be fully de- 
scribed in our account of the Leveling Instrument, secures 
the movement of the object-glass in a straight line, and thus 
keeps the line of collimation in adjustment through the whole 
range of the slide, preventing at the same time what is term- 
ed the ** travelling" of the wires. 

This adjustment, which is peculiar to our telescopes, is 
always made in the process of construction, and needing no 
further attention at the hands of the engineer, is concealed 
within the hollow ball of the telescope axis. 

Optical Principles of the Telescope, 

In order that the advantages gained by the use of the tele 
scope may be more fully understood, we shall here venture 
briefly to consider the optical principles involved in its con? 
structioa. 
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We are said to " see " objects because the rays of light 
which proceed from all their parts, after passing through the 
pupil of the eye, are by the crystalline lens and vitreous 
humor, converged to a focus on the retina, where they form 
a very minute inverted image; an impression of which is 
conveyed to the brain by the optic nerve. 

The rays proceeding from the extremities of an object, and 
crossing at the optic center of the eye, form the " visu,al 
angle,'' or that under which the object is seen. 

The apparent magnitude of objects depends on the size of 
the visual angle which they subtend, and this being great or 
small, as the object is near or distant — the objects will ap- 
pear large or small, in an inverse proportion to the distances 
which separate them from the observer. 

^8' «. Thus, (in fig. 6,) if the 

distance A is one-half 
of B, the visual angle, 
subtended by the object 
at the point A, and there- 
fore the apparent mag- 
nitude of the object will 
be twice that observed at B. If, therefore, the visual angle 
subtended by any object, can be made by any means twice 
as large, the same effect will be produced as if the observer 
were moved up over one half the intervening distance. 

Now this is the principal advantage gained in the use of 
a telescope. 

The object-glass receiving the rays of light which proceed 
from all the points of a visible object, converges them to a 
focus at the cross-wires, and there forms a minute, inverted, 
and very bright image, which may be seen by placing a piece 
of ground glass to receive it at that point. 

The eye-piece acting as a compound microscope, magnifies 
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this image, reatores it to its natural poeition, and 
conveys it to liie eye. 

TLe visual angle which the image there sub- 
tends, is as many times greater than that which 
would be formed without the nse of the telescope, 
as the number wliich expresses its magnifying 
power. 

Thus, a telescope which magnifies twenty 
times, increases the visual angle jnst as much, 
and therefore diminishes the apparent distance of 
the object twenty times — or in other words, it 
will show an object two hundred feet distant, 
with the same distinctness as if it was distant 
only ten feet from the naked eye. 

The accompanying cut, (fig. 7) which we are 
kindly permitted to copy from an excellent trea* 
gtise on surveying, by Prof. Gillespie of Union 
:, College, will give a correct idea of the manner 
in which the rays of light coming from an object 
are affected, by passing through the several 
glasses of a telescope , 

We shall only consider the rays which proceed 
from the extremities ; these, after passing througii 
the object-glass, here shown as a single lens, avo 
conveyed to the point B, the centre of the cross- 
wires and the common focus of the object and 
eye-glasses. At this place the rays cross eacli 
other and the image is inverted. 

The rays ne^t come to the object lens C, and 
passing through it are refracted so as again to 
c^'oss each other, and come thus to the amplifying 
lens D. By this they are again refracted, made 
more nearly parallel, and thus reach the liirge 
field lens B. After panaiiig vWom.^ 'toa, "Cws^ 
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form a magnified and erect image in the focns of the eye 
lens G. By the eye lens the image is still further magnified, 
and at last enters the eye of the observer, subtending an 
angle as much greater than that at the point 0, as is the 
magnifying power of the telescope. 

In place of the eye-piece of four lenses, which we have 
just been considering, and which is exclusively used in all 
American instruments made at the present day; another, 
which has but three lenses, is often seen in the telescopes of 
imported instruments. 

This latter, which inverts the object, though saving a little 
more light than the former, is exceedingly troublesome t-o 
the inexperienced observer, and has never been popular in 
American engineering. 

To ascertain the Magnifying Power of a Telescope. 

Set up the instrument about twenty or thirty feet from the 
side of a white wooden house, and observe through the tele- 
scope the space covered by one of the boards in the field of 
the glass; then still keeping that eye on the telescope, hold 
open the other with the finger, if necessary, and look with it 
at the same object. By steady and careful observation there 
will appear on the surface of the magnified board, a number 
of smaller ones seen by the naked eye, count these, and we 
shall obtain the magnifying power. 

If the limits of the magnified board, as seen through the 
telescope, can be noted so as to be remembered after the eye 
is removed, the number of boards contained in this space 
may then be easily counted. 

The side of an unpainted brick wall, or any other surface 
c«Dntaining a number of small, well marked and equal objects, 
may be observed, in place of the surface we have described. 

The operation described requires great care and cloBb 
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-observation, but may be pefforriied with facility ai'ter a little 
practice. 

We have spoken of the effect of the telescope in magnify- 
ing objects, but have not mentioned what is termed its 
" illuminating power." 

This arises from the great diameter or aperture of the 
object-glass compared with that of the pupil of the eye, which 
enables the observer to intercept many more rays of light, 
and bring the object to the eye highly illuminated. 

The advantage gained in this increase of light, depends, as 
!s evident, on the size of the object glass, and the perfection 
with which the lenses transmit the light without absorbing 
or reflecting it. 

The superficial magnifying power of a telescope, is found 
by squaring the number which expresses its linear magnify- 
ing power; thus a telescope which magnifies twenty times, 
increases the surface of an object four hundred times. 

Before an observation is made with the telescope, the eye- 
piece should be moved in or out, until the wires appear dis- 
tinct to the eye of the operator; the object-glass is then ad- 
justed by turning the pinion head until the Object is seen clear 
and well defined, and the wires appear as if fastened to its 
surface^ 

The intersection of the wires, being the means by which 
the optical axis of the telescope is defined, should be brought 
precisely upon the centre of the object to which the instru- 
ment is directed. 

Having thus briefly considered the principles, we shall now 
proceed to describe the 

Attachments of the Telescope, 

A telescope is said to be " plain " when it is without any 
appendages to its tube or axis, as thait of the tlngineer'a 
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Transit shown in the engraving, and most instruments ar% 
made in that manner. 

Many surveyors, however, prefer to add these conveniences, 
and we shall now consider them in detail. 

Clamp and Tangent. — This consists essentially of a ring, 
encircling the axis of the telescope, and having two project- 
ing arms, the one above being slit through the middle and 
holding the clamp screw, the other much longer and below, 
is connected with the tangent screw. 

As soon as the clamp screw is tightened, the ring is brought 
firmly around the axis, and the telescope can then be moved 
up or down by turning the tangent screw. 

The clamp and tangent ought always to accompany the 
vertical circle, and the level on the telescope. 

Vebtical Circle. — A divided circle as seen in the cut of the 
Vernier Transit, is often attached to the axis of the telescope, 
giving, with a vernier, the means of measuring vertical an- 
gles with great facility. 

We make two sizes of these circles, one of about 3 J inches 
diameter, seen with this instrument, the other an inch larger, 
and shown in the cut of the Surveyor's Transit. The former 
is graduated to single degrees, and reads by the vernier, to 
five minutes^of a degree. The latter, divided to half degrees, 
gives a reading, with the vernier, to single minutes. 

The vertical circle is fitted firmly to the telescope axis, and 
fastened with 'a screw, so that it remains permanent. 

The vernier, however, may be shifted in either direction, 
by loosening the screws which confine it to the standards. 

The vernier of the small circle is divided into twelve equal 
parts, which correspond with thirteen degrees on the circle. 

Each division of the vernier is, therefore, one-twelfth of 
one degree, or five minutes longer than a single division of 
the circle, so that the angles are read to five minutes of a 
degree 
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The vernier is double, having its zero point in the middle, 
and the reading up to thirty minutes, is said to be direct; 
thai is, if the circle is moved to the right, the minutes aro 
read off on the right side of the vernier, and vice versa. 

The minutes beyond thirty are obtained on the opposite 
side, and in the lower row of figures. 

By following these directions, and noticing the first divi- 
sions on the circle and vernier, which exactly correspond, the 
surveyor can obtain a reading to five minutes with great 
facility. 

Level on Telescope. — ^Besides the vertical circle, there is 
sometimes a small level attached to the telescope of this and 
other instruments, which we shall hereafter describe. 

Such an attachment is shown in the cut of the Surveyor's 
Transit, and its adjustment and advantages will be explain- 
ed in our account of that instrument. 

Sights on Telescope. — We are sometimes desired by sur- 
veyors to place a pair of short sights on the upper side of 
the telescope tube. 

They are best made to fold close to the tube when not in 
nse, like those of the pocket compass, described hereafter. 

These sights are useful in takiug back sights without 
turning the telescope, and in sighting through bushes or in 
the forest, and as the telescope can be turned up or down, 
answer all the purposes of the longer sights of the ordinary 
compass. 

Sights for Right Angles. — Besides the sights just men- 
tioned, we have often attached others to the plate of the 
instrument, on either side of the compass circle or on the 
standards. 

These being adjusted to the telescope give a very ready 
means of laying off right angles, or running out offsets, with 
out changing the position of the instrument 



S8 THE VERNIER TRANSIT. 

To adjust ike Vernier TransU, 

The Levels of this instrument have a capstan head screw 
at each' end, and are adjusted with a steel pin in the same 
manner as those of the Plain compass. 

The Needle is also adjusted as described in oar account of 
that instrument. 

Line of Collimation. — To make this adjustment, which is, 
in other words, to bring the intersection of the wires into 
the optical axis of the telescope, so that the instrument, 
when placed in the middle of a straight line will, by the 
revolution of the telescope, cut its extremities — proceed as 
follows: 

Set the instrument firmly on the ground and level it care- 
fully; and then having brought the wires into the focus of 
the eye-piece, adjust the object-glass on some well defined 
point, as the edge of a chimney or other object, at a distance 
of from two to five hundred feet; determine if the vertical wire 
is plumb, by clamping the instrument firmly to the spindle and 
applying the wire to the vertical edge of a building, or ob- * 
serving if it will move parallel to a point taken a little to 
one side; should any deviation be manifested, loosen the • 
cross-wire screws, and by the pressure of the hand on the 
head outside the tube, move the ring around until the error 
is corrected. 

The wires being thus made respectively horizontal and 
vertical, fix their point of intersection on the object selected ; 
clamp the instrument to the spindle, and having revolved the 
telescope, find or place some good object in the opposite 
direction, and at about the same distance from the instrument 
as the first object assumed. 

Great care should always be taken in turning the telescope, 
that the position of the instrument upon the spindle is not in 
the slightest degree disturbed. 
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Now, having found or placed an object which the vertical 
wire bisects, nnclamp the instrument, turn it halfway around^ 
and direct the telescope to the first object selected; having 
bisected this with the wires, again clamp the instrument, 
revolve the telescope, and note if the vertical wire bisects 
the second object observed. 

Should this happen, it will indicate that the wires are in 
adjustment, and the points bisected are with the centre of 
the instrument, in the same straight line. 

If not, however, the space which separates the wires from 
the second point observed, will be double the deviation of 
that point from a true straight line, which may be conceived 
as di awn through the first point and the centre of the instru* 
ment, since the error is the result of two observations, made 
with the wires when they are out of the optical axis of the 
telescope. 

Fig. 8. 




For as in the diagram, let A represent the centre of the 
instrument, and B C the imaginary straight line, upon the 
extremities of which the line of collimation is to be adjusted. 

B represents the object first selected, and D the point 
which the wires bisected, when the telescope was made to 
revolve. 

When the instrument is turned half around, and the tele- 
scope again directed to B, and once more revolved, the wires 
will bisect an object, E, situated as far to one side of the true 
line as the point D is on the other side. 

The space, D E, is therefore the sum of two deviations.of 
the wires frcm a true straight line, and the error is made 
very apparent 
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In order to correct it, use the two capstan head screws on 
the sides of the telescope, these being the ones which afifeci 
the position of the vertical wire. 

Remember that the eye-piece inverts the position of the 
wires, and therefore that in loosening one of the screws and 
tightening tlie other on the opposite side, the operator must 
proceed as if to increase the error observed. Having in this 
manner moved back the vertical wire until, by estimation, 
one-quarter of the space, D E, has been passed over, return 
the instrument to the point B, revolve the telescope, and if 
the correction has been carefully made, the wires will now 
bisect a point, C, situated midway between D and E, and in 
the prolongation of the imaginary line, passing through the 
point B and the centre of the instrument. 

To ascertain if such is the case, turn the instrument half 
around, fix the telescope upon B, clamp to the spindle, and 
again revolve the telescope towards C. If the wires again 
bisect it, it will prove that they are in adjustment, and that 
the points, B, A, C, all lie in the same straight line. 

Should the vertical wire strike to one side of C, the error 
must be Corrected precisely as above described, until it is 
entirely removed. 

Another method of adjusting the line of coUimation often 
employed in situations where no good points in opposite 
directions can be selected upon which to reverse the wires, 
may hero be described. 

The operator sets up the instrument in some position 
which commands a long sight in the same direction, and 
having leveled his instrument, clamps to the spindle, and 
with the telescope locates three points which we will term A, 
B and C, which are distant from the instrument about one, 
two and three hundred feet respectively. 

These points, which are usually determined by driving a 
uail into a wooden stake set firmly into the ground, will alJ 
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lie in the same straight line, however much the wires are out 
of adjustment, since the position of the instrument remains 
unchanged during the whole operation. 

Having fixed these points he now moves the instrument to 
B, and sets its centre directly over the nail head, by letting 
down upon it the point of a plumb-bob suspended from the 
tripod. 

Then having leveled the instrument, he directs the wires 
to A, clamps to the spindle and revolves the telescope 
towards C. Should the wires strike the nail at that point, 
it would show that they were in adjustment. 

Should any deviation be observed, the operator must cor- 
rect it by moviiig the wire with the screws until, by estima- 
tion, half the error is removed. 

Then bringing the telescope again upon either A or C, and 
revolving it, he will find that the wires will strike the point 
in the opposite direction if the proper correction has been 
applied. 

If not, repeat the operation until the telescope will exactly 
cut the two opposite points, when the intersection of the 
wires will be in the optical axis, and the line of coUimation 
in adjustment. 

In our description of the previous operation, we have 
spoken more particularly of the vertical wire, because in a 
revolving telescope this occupies the most important place, 
the horizontal one being employed mainly to define the cen- 
tre of the vertical wire, so that it may be moved either up or 
down without materially disturbing the line of coUimation. 

The wires being adjusted, their intersection may now be 
brought into the centre of the field of view. 

The Eye-Piece is centered by moving the screws A A, 
shown in the sectional view of the telescope. Fig. 4, which are 
slackened and tightened in pairs, the movement being now 
direct, until the wires are seen in their proper position. 
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It is here proper to observe, that the position of the line of 
collimation depends upon that of the object-glass, solely, so 
that the eye-piece may, as in the case just described, be 
moved in any direction, or even entirely removed and a new 
one substituted; without at all deranging the adjustment of 
the wires. 

The Standards. — In order that the wires may trace a ver- 
tical line as the telescope is. moved up or down, it is neces- 
sary that both the standards of the telescope should be of 
precisely the same height. 

To ascertain this and make the correction if needed, pro- 
ceed as follows: 

Having th^ line of collimation previously adjusted, set the 
instrument in a position where points of observation, such 
as the point and base of a lofty spire, can be selected, giving 
a long range in a vertical direction. 

Level the instrument, fix the wires on the top of the object 
and clamp to the spindle; then bring the telescope down, 
until the wires bisect some good point, either found or 
marked at the base; turn the instrument half around, fix the 
wires on the lower point, clamp to the spindle, and raise the 
telescope to the highest object. 

I£t]ie wires bisect it, the vertical adjustment is effected; 
if they are thrown to either side this would prove that the 
standard opposite that side was the highest, the apparent 
error being double that actually due to this cause. 

To correct it, we now make one of the bearings of the axis 
movable, so that by turning a screw underneath this sliding 
piece, as well as the screws which hold on the cap of the 
standard, the adjustment is made with the utmost precision. 

This arrangement, which is common to all our telescopa 
instruments, is very substantial and easily managed. 

The Vertical Circle. — When this attachment requires ad- 
justment, proceed by leveling tlie instrument carefully, and 
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having brought into line the zeros of the wheel and vernier, 
find or place some well defined point or line which is cut by 
the horizontal wire. 

Turn the instrument half around, revolve the telescope, 
and fixing the wire upon the same point as 'before, note if 
the zeros are again in line. 

If not, loosen the screws and move the zero of the vernier 
over half the error; bring the zeros again into coincidence, 
and proceed precisely as at first described until, the error is 
entirely corrected, when the adjustment will be completed* 

Should it be desired, at any time, the circle can be removed 
by the surveyor and replaced at pleasure. 

The Level on TELEScorE. — The adjustment of this will be 
best considered when we come to speak of the Surveyors' 
Transit. 

Adjustments in General. — ^We ought here to say that the 
above adjustments, as well as all the others which we have 
previously explained or may hereafter describe, are al ways 
mtide by us in person, but are given in this work in order 
that the surveyor and engineer may fully understand theii 
instruments, and be enabled to detect apd remedy errors and 
accidents, which in practice will often occur. 

To use the Vernier Transit 

This instrument is used on the ordinary ball and spindle, 
placed most commonly in the compass tripod, as shown in 
the engraving. 

Tripod Head. — Sometimes leveling screws with the parallel 
plates, and which together we shall designate the "tripod 
head," with a clamp and tangent movement, are used with 
this instrument as well as with the Surveyors' Transit. 

This tripod head can be unscrewed from the legs, and is 
packed in the instrument box ; it iff of very moderate cost, 
and in almost every situation is infinitely superior to a ball 
and socket or any other support. 
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Compound Ball. — We also manufacture 
what may be termed a ** compound ball 
spindle/' which has a tangent movement, 
and gives all the perfbction of more cost- 
ly arrangements, with a very moderate 
expense. 

As represented in the cut, it has an in- 
terior spindle, around which an outside 
hollow cylinder is moved by turning the 
double-headed tangent screw, which haa 
in the middle an endless screw, working 
into teeth cut spirally around in a groove 
[Fig. 9.] of the ^linder. The compass, or other 

Instrument, revolves on the outside socket, precisely as ii 
placed on a common ball spindle; but when a slower move- 
ment is required, can be made fast by the clamp screw, and 
then turned gradually around the interior spindle by the tan- 
gent screw, until the slote of the sight or the intersection of 
the wires, is made to bisect the object with the utmost cer- 
tainty. 

The compound ball may be placed either in a jacob-staff 
socket or compass tripod. 

Leveling Socket. — A convenient arrangement for use, 
either with this instrument or with a sight compass, is shown 
•n the leveling socket described in our account of the solar 
compass beyond. 

The socket may be used either with the ordinary compass 
Dall or the compound ball, as there represented, and gives a 
very rapid and accurate means of leveling the instrument 
The Spring Catch, described in our account of the Plain 
Compass, is always attached to the socket of this instrument, 
whether placed upon a ball or tripod, so that it cannot slip 
off from the spindle in carrying. 

The Clamp Screw, in the side of the socket of this instru- 
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ment, is shown Id Fig 3, and by pressing a brass spring in tbe 
interior against the spindle, serves to fix the instrument in any 
position. 

The Vernieb is moved by the pinion head, now always 
placed beneath the plate, precisely as described in our account 
of the Vernier Compass, and is read to minutes in the same 
manner. 

There is also a clamp nut underneath the circle, by which it 
is securely fixed in any position, which must be loosened 
whenever the vernier is moved by the pinion. 

The Nebdle Lifting Screw is the same as those of the 
compasses previously described. 

In Surveying with this instrument the operator proceeds 
precisely as with the Vernier Compass, keeping the south 
end towards his person, reading the bearings of lines from 
the north end of the needle, and using the telescope in place 
of sights, revolving it as objects are selected in opposite 
directions. 

Parallax. — ^Before an observation is made with the tele- 
scope, the eye-piece should be moved in or out until the wires 
appear distinct to the eye of the operator, the object-glass 
may then be placed in position by turning the pinion head 
on the top of the telescope, until the object is seen clear and 
well defined, and the wires appear as if fastened to its sur- 
face. 

When, on the contrary, the wires are not perfectly distinct, 
the observer, by moving his eye to either side of the small 
aperture of the eye piece, will cause the wires to " travel '' 
on the object, and thus occasion what is termed the ''error 
of parallax.'' 

The intersection of the Wires being the means by which 
the optical axis of the telescope is defined, should be brought 
precisely upon the centre of the object to which the instru* 
ment is directed. 
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To TAKE Angles op Elevation. — Level the instrument care* 
fully, fix the zeros of the circle and vernier in* line, and note 
the height cut upon the staff or other object, by the horizon- 
tal wire; then carry the staff up the elevation, fix the vrire 
again upon the same point, and the angle of elevation will 
be read off by the vernier. 

By careful usage, the adjustments of the Vernier Transit 
will remain as permanent as those of* the ordinary compass, 
the only one liable to derangement being that of the line oi 
collimation. 

This should be examined occasionally, and corrected in the 
manner previously described. 

Repairs of the Vernier Transit, 

These being in great part already spoken of, it Will be 
necessary to consider only suth as belong to the telescope. 

To Replace the Cross Wires. — Take out the eye-piece 
tube, together with the little ring by which it is centered, 
and having removed two opposite cross-wire screws, with 
the others turn the ring until one of the screw holes is 
brought into view from the open end of the telescope tube, 
in this thrust a stout splinter of wood or a small wire so as 
to hold the ring when the remaining screws are withdrawn ; 
the ring is then taken out and is ready for the wires. 

For these the web of the spider is to be preferred above 
any thing else, but when this is not obtainable, a fine silk 
fibre may be substituted. 
' We usually procure our webs from the living manufacturer 
directly, selecting those of a yellowish-brown color, as fur- 
nishing the most perfect product. 

The spider being held between the thumb and finger of an 
assistant, in such position as to suffer no serious injury, and 
at the same time be unable to make any effectual resistance 
with his extremities, the little fibre may be drawn out at 
pleasure, and being placed in the fine lines cut on the surface 
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of the diaphragm, is then firmly cemented to its place by 
applying softened beeswax with the point of a knife blade 

In case the spider is not procurable, a fine strand of a 
web which is free from dust, and long enough to serve for 
both wires, may be selected. 

In such times as the spiders remain in their winter quar- 
ters, we have been able to procure very good fibres from a 
box in which a number had been confined. 

When the wires are cemented, the ring is returned to its 
position in the tube, and either pair of screws being insert- 
ed, the splinter or wire is removed, and the ring turned until 
the other screws can be replaced. 

Care must also be taken that the same side of the ring is 
turned to the eye-piece as before it was removed. 

When this has been done, the eye-tube is inserted, and its 
centering ring brought into such a position that the screws 
in it can be replaced, and then by screwing on the end of the 
telescope, the little cover into which the eye-tube is fixed, 
the operation will be completed. 

To Clean thb Telescope. — The only glasses that will ordi- 
narily require cleaning, are the object-glass on its outside 
surface, and the little eye-lens, which is exposed when the 
cap of the eye-tube is removed. 

To remove the dust from these use a very soft and clean 
silk or cotton cloth, and be careful not to rub the same part 
of the cloth a second time on the surface of the glass. 

No one should ever be allowed to touch the glasses with 
the fingers or with a dusty cloth. 

Excellencies of the Vernier Transit, 
These are due chiefly to the telescope and its attachments, 
and from what has already been said, it will appear are such 
as to render this instrument greatly superior to one provided 
with the ordinary sights. 

1. The magnifying power of tiic telea^o^^ ^xvsiW^t^ ^^ ^^«x.- 
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vcyor to take accurate observations at distances entirely 
beycnd the reach of the naked eye. 

2. The fine intersection of the cross-wires can bfe set pre- 
cisely upon the centre of the object. 

3. The revolving property of the telescope gives the means 
of running long lines up or down steep ascents or descents 
with perfect ease, where, with the short sights of the ordi- 
nary compass, two or three observations would have to be 
taken. 

4. The use of a telescope entirely avoids the incessant trying 
of the eyes, experienced in surveys with the ordinary sights. 

6. With the telescope, lines can be run through the forest 
or brushwood, and the flagstaff distinguished with much 
greater certainty than through the sights of a coippass. 

This statement may appear very unreasonable to those not 
familiar with the instrument, and these, in fact, raise the 
greatest objection to a telescope, from its supposed unfitness 
for surveys in such locations. 

They have only to use it a few times in this kind of work, 
in connection with a flagstaff, painted white or covered with ' 
paper, to distinguish it from the surrounding objects, to be 
convinced of its great superiority. 

In the Vernier Transit, as furnished by us, is supplied, as 
wo believe, to the surveyor the most perfect of all needle 
instruments, and this at a cost but little above that charged 
by other makers for a sight compass. 

The advantages of the telescope and its attachmonts are 
so great that a surveyor, accustomed to them, would find it 
difficult to content himself with the ordinary compas**, and 
such in fact is the universal testimony of those familial with 
the Vernier Transit. 

■ 

Weight of the Vernier TransH, 
The weight of this instrument, exclusive of the tripod legs, 
and with a plain telescope, is about ten pounds. 
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Sizes of the Vernier Transit, 

We make three sizes, haying respectively needles of four, 
Sive and six inches long. 

The telescopes of our five and six inch transits, are both 
eleven inches long, and reverse at either end ; the telescope of 
the four inch size is about seven inches, and the whole instru* 
ment very light and portable. » 

Weights of the Vernier Transits, 

The average weights of the different sizes, not including the 
tripods are, for the four inch instrument, five pounds ; the five 
inch, eight, and the six inch, ten pounds. 
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Needle Instruments. 



,We have now described the instmrnents included nnder 
the division termed Needle Instruments, in the beginning' of 
this work. 

' As there stated, the Plain and Vernier Oompasses and the 
Vernier Transit depend for their accuracy and value, mainlj 
upon the perfection of movement of the magnetic needle. 

With such instruments, the greater part of the surveying 
in our country has been, and will for a long time in the future, 
continue to be done. 

And though with the improvements made in these instvn- 
ments, a good surveyor may, with great care and skill, do 
work with a surprising degree of accuracy and perfection, 
yet all needles are liable to many irregularities. 

Imperfections of the Needle, 

These may arise either from the loss of magnetic virtue In 
the poles, the blunting of the centre-pin, or the attraction 
exerted upon it by bodies of iron, whose presence may be 
entirely unsuspected. 

The two first of these en'ors may be easily remedied in Iba 
manner we have described. 

Local Attraction. — The third and most frequent source of 
inaccuracy, may be detected by taking back sights, as well 
as fore sights, upon every line run with the needle, and by 
the agreement of the bearings, determining the true direc* 
tion of the line. 

Sometimes a compass may have little pai rfcles of iron coii* 
cealed within the surface of the metal circ'3 or plate& 
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It is the business of the maker to examine every instru- 
ment, in search of this defect^ by trying the reversion of the 
needle upon all points of the jiivided circle. 

If the needle should fail to reverse, when the compass is 
turned half around, and the sights- directed a second time 
upon any object, the instrument should be thrown aside and 
never sold. 

Besides the dificulties caused by the above imperfections, 
the variation of the needle is a frequent source of annoyance. ^ 

What is termed the secular variation, we have already 
mentioned in our acccount of the Vernier Compass, we will 
now speak of the 

Diurnal Variation. — This is owing to the influence of the 
sun, which, in summer, will cause the needle to vaiy from 
ten to fifteen minutes in a few hours, when .exposed to its 
fullest influence. 

To guard against these causes of inaccuracy in the use of 
needle instruments, the surveyor will need the greatest care 
and attention ; and yet, with all the precautions than can be 
suggested, the diflSculty of measuring horizontal angles with 
certainty, and to a sufficient degree of minuteness by the 
needle alone, has caused a demand to be felt more and more 
sensibly in all parts of the country for instruments, in the 
use of which the surveyor may proceed with assured accu>- 
racy i^nd precision. 

Indeed, in Canada, so great is the distrust of needle in- 
struments, that the Provincial Land Surveyors are forbidden 
to use an instrument in their land surveys, unless it is capable 
of taking angles independently of the needle. 

To supply the demand thus created for increased perfection 
in the implements of the surveyor, we manufacture a variety 
rf instruments ; three of which we shall now describe under 
the names of The Railroad Compass, The Surveyor's JVanst^ 
and the Solar Compass, 
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purveying Instruments. 



THE RAILROAJ COMPASS. 

Fig. ID. 




An ehown in Fig 10 this inBtiument has the mftin plate, 
levels sights and needle of the ordiniry instrument and 
has also underneath the mam pHte a divided circle or limb 
by which honzontal angles to siDgle minutes can be taken 
independently of the needle. 

The verniers are attached to the under surface of the main 
plate the openings through which they are seen being covered 
with slips of glass to protect the divisions from dust and 
moisture; only one of the verniers is shown in the cut. 

The connectioiL between the two plates is made by a clamp 
aud tangint movement shown at e, by which they can be fas- 
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tened together or released &X will, or moved slowly around 
each other as may be desired in the use of the compass. 

The needle lifting screw is shown near the clamp screw, 
on the same end of the plate. 

On the opposite side of the compass circle is seen the bead a 
of a pinion working into a circular rack fixed to the edge of 
the compass circle, and thus enabling the surveyor to move the 
compass circle about its centre in setting off the variation of 
the needle, precisely as in the case of the vernier compass. 

The variation is read to single minutes by a vernier and. 
divi4ed arc, partially shown near the letter S in the cut. 

Near the pinion head is also shown a clamp screw, by which 
the circle is securely fixed when moved to the proper position. 

The sockets upon which the plates of this instrument turn 
are long and well fitted, and the movement of the vernier 
plate around the limb is almost perfectly free from friction. 

The graduated circle or limb is divided to half degrees, 
and figured in two rows, viz : from 0^ to 90*^, and from 0^ to 
860^; sometimes but a single series is used, and then the 
figures run from 0° to 360®, or from 0^ to 180® on each jside. 

The figuring, which is the same upon this as in the other 
angular instruments we shall hereafter describe, is varied 
when desired by the survqyor. The first method is our 
usual practice. 

The Verniers are double, having on each side of the zero 
mark thirty equal divisions corresponding precisely with 
twenty-nine half degrees of the limb; they thus read to 
single minutes, and the number passed over is counted in 
the same direction in which the vernier is moved. 

The use of two opposite verniers in this and other instru- 
ments gives the means of ** cross questioning" the gradua- 
tipns, the perfection with which they are centered and the 
dependence which can be placed upon the accuracy of the 
angles indicated. 
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The Needle of this instrument is about five and a half inches 
long^, and made precisely like those previously described. 

The Adjustments of this instrument, with which the sur- 
veyor will have to do, have been already described. 

To use the Railroad Compass. 

It can be set upon the common compass ball, or still better, 
the tangent ball alreadj^ described, placed either in a jacob- 
staff socket, a compass tripod, or the leveling socket and 
tripod as shown with the solar compass. 
• We have also adapted to many of these instruments, the 
leveling tripod head, with clamp and tangent movement, and 
this is preferable to any other support. 

To take Horizontal Angles.-:— First level the plate and 
Bet the limb at zero, fix the sights upon one of the objects 
selected, and clamping the whole instrument firmly to the 
spindle, ilnclamp the vernier plate and turn it with the hand, 
until the sights are brought nearly upon the second object ; 
then clamp to the limb, and with the tangent screw fix them 
precisely upon it. 

The number of degrees and minutes read off by the vernier, 
will give the angle between the two objects, taken from the 
centre of the instrument. 

« 

It will be understood that the horizontal angles can be 
taken in any position of the verniers, with reference to the 
eero point of the limb ; we have given that above as being 
the usual method and liable to the fewest errors. 

It is advisable where great accuracy is required, in this 
and other instruments furnished with two verniers, to obtain 
the readings of the limb from both, add the two together and 
halve their sum ; the result will be the mean of the two 
readings, and the true angle between the points observed. 

Such a course is especially necessary when the readings 
of the verniers essentially disagree, as may sometimes hap- 
/^en when the instrument has been injured by an accident, 
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Use of the Needle.-^Iii taking horizontal angles as just 
flescribed, the magnetic bearings of the two objects are 
often noted, and thus two separate readings of the san^e 
angle, one by the limb, the other by the needle, are obtained, 
to be used as checks upon each other to prevent mistakes. . 

To Turn off the Variation of the Needle. — Having leveled 
the instrument, set the limb at zero, and place the sights 
upon the old line, note the reading of the needle, and ihake 
it agree with that given in the field notes of the former 
survey, by turning the compass circle about its centre by 
the pinion a. 

Now, clamp the compass circle firmly by the clamp screw, 
and the number of degrees or minutes passed over by the 
vernier of the compass circle will be the change of variation 
in the interval between the two surveys. 

To Survey with this instrument, the operator should turn 
the south side of the compass face towards his person, and 
having brought the zeros of the limb and vernier plate in 
contact, clamp them, and proceed as directed in our account 
of the Plain Compass. 

Of course it will be understood that lines can be run and 
angles measured by the divided limb and verniers, entirely 
independent of the needle, which, in localities where local 
attraction is manifested, is very serviceable. 

The accuracy and minuteness of horizontal angles indi- 
cated by this instrument, together with its perfect adapta- 
tion to all the purposes to which the Vernier Compass can 
be applied, have brought it into use in many localities, 
where the land is so valuable as to require more careful sur- 
veys than are practicable with a needle instrument. 

Weight of the Bailroad Compass, 
The average weight c^f this instrument, including thebrasi 
head of the Jacob gtaff, is about 11 J lbs. 
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Single Vernier Railroad Compass. 

We have just introduced a new style of this instrument, 
essentially alike tbat already described, but of somewhat 
simpler construction in its sockets, and haying but a single 
vernier to the limb. 

This new instrument, though afforded at a price materially 
lower than the other, is still in every way accurate and reliable. 

Sizes and Weights of the Railroad Compass. 

We make two sizes of this instrument, viz. : five, and five 
and a half inch needle ; the largest size, including the brass 
head of the Jacob staff, weighing ten, and the five inch, nine 
pounds. 

The Double Vernier Compass has a five and a half inch 
needle, and weighs, with ball and socket, about eleven pounds. 

We invite especial attention to the different styles of our 
Bailroad compasses, believing that in many respects they are 
very much superior to any other compass made, having a hori- 
sontal limb, and an arrangement by which the variation of th« 
needle can be so readily set off and ascertained. 
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THE SURVEYOR'S TRANSIT. 

This instrument shown in the engraving on the opposite 
page, is in principle very similar to the instrument just de- 
scribed, differing from it mainly in the substitution of the 
telescope with its appendages, for the ordinary compass 
sights. 

The Telesjcope is of somewhat finer quality than that used 
with the Vernier Transit; as here shown, it is furnished with 
a small level, having a ground bubble tube and a scale; and 
also a vertical circle connected with its axis. 

The Standards are made precisely like those of the Vernier 
Transit, the bearings of the axis of the telescope being con- 
ical, and fitted with the utmost nicety; there is also in one 
of them the moveable piece for the adjustment of the wires 
to the tracing of a vertical line. 

The Spirit Levels are placed upon the upper surface of the 
vernier plate, one being fixed on the standard so as not to 
obstruct the light which falls on the vernier opening beneath. 

Both levels are adjustable with the ordinary steel pin. 

The Needle is like that of the previous instrument, but is 
only five inches long. 

The Vernier Plate, which carries the verniers and tele- 
scopes, is made to move with perfect ease and stability, 
around the graduated circle or limb, ^and horizontal angles 
are taken to single minutes; the variation of the needle is 
also set off by the pinion and clamp screw, as described in 
the account of the previous instrument. 

The Verniers, as in all our angular instruments, are double, 
reading either way from the centre mark, and to single 
minutes of a degree. 

There are two verniers, placed on opposite sides of the 
instrument at right angles to the telescope; only one of 
these is shown in the cut. 
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The Divided Circle, or limb, is graduated to half degrees, 
reads to ipinutes by the verniers, and is figured as described 
before. 

The Clamp and Tangent movement of the vernier plate is 
the same as that of the Railroad Compass; it is well 
shown in the figure. 

The Tripod Head. — ^This instrument, as shown in the 
engraving, is generally used on a leveling tripod. 

The Light Leveling Tripod, used with the Surveyor's Tran- 
sit, is well shown in the engraving. As there seen, there are 
nuts screwed in to the upper parallel plate, so as to give a 
long bearing for the four leveling screws. 

The under plate supports the feet of the screws, and has 
beneath a cavity or bowl, in which moves a hemispherical 
nut screwed to the spindle of the tripod. 

This nut serves both to connect the plates together, and 
as a pivot on which the upper plate is turned by the leveling 
screws. 

The under parallel plate has also a screw on the under side, 
by which the tripod head maybe disconnected from the legs, 
and packed in the box with the instrument. 

The leveling screws are made of bell metal, have a large 
iouble milled head, and a deep screw of about forty threads 
lo the inch; their ends set into little brass cups, so that the 
screws are worked without indenting the under plate. 
Sometimes a piece of leather is put in place of the cups. 

The leveling screws are entirely covered above by little 
caps which screw over the upper side of the nut. 

When the screws are loosened, the upper plate can be 
shifted around, so as to bring the leveling screws in any po- 
sition, with reference to the plates and telescope of the in- 
strument. 

The clamp and tangent screws are seen on the upper plate 
of the tripod. In place of the single tangent screw, we have, 
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ID all our instrnnients, substituted the double tangent move- 
ment, as shown in the engraving. 

The spindle of the tripod head rises above the upper plate, 
and the instrument can be removed from it, by pulling out 
a little pin made to spring into a groove, and thus keep the 
instrument from falling, when the tripod is carried upon the 
shoulder. 

In th« iower end of the spindle and underneath the plates, 
is screwed the loop for attaching the string of the plumb-bob. 

To Level the Tripod, the engineer takes hold of the oppo- 
site screw heads with the thumb and fore finger of each hand, * 
and turning both thumbs in or out, as may be necessary, 
raises one side of the upper parallel plate and depresses the 
other, until the desired correction is made. 

Shifting the Tripod Head. — A simple arrangement by 
which an instrument can be easily set over a given point, is 
made by extending the stem of the tripod head below, 
through a large circular aperture in the centre of the plate 
to which the legs are attached, so as to connect by the 
hemispherical nut or pivot, with a little moveable piece 
bearing on the under surface of the plate. The leveling 
screws of course, rest directly on the upper surface of this 
plate, and when loosened, can be shifted nearly an inch from 
side to side in any direction ; thus allowing the point of the 
plumb-bob, to be set directly over a given point on the 
ground. , 

This modification requires a larger tripod, and gives the 
surveyor a little more trouble when the tripod head is de- 
tached from the legs. 

It is not so easily adapted to the Engineer's Transit, as to 
our other instruments, nor can so much movement be secured, 
but is made by us for any instrument whenever desired and 
without additional charge. 

Adjusting Socket, a beautiful arrangement for occasional 
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use in place of the leveling tripod, in cases where greater 
lightness and rapidity of adjustment are desired, is shown in 
the adjusting socket, described in the account of the Solar 
Compass. 

To adjust the Surveyor's Transit, 

The Levels are adjusted with a steel pin as those of the 
Vernier Transit, and it need only be added here, that in this, 
as well as other instruments having two plates, moving upon 
sockets independent of each other, the levels, .when adjusted 
on one plate, should still keep their position when both are 
clamped together and turned npon a common socket. 

Otherwise, however accurately the telescope might trace 
a vertical line, when revolved upon the socket of one plate, 
it would give a very different result as soon as the position 
of the other plate was changed. 

The Needle and telescope with its other attachments being 
adjusted, as described in our account of the Vernier Transit, 
we shall here consider only that of the 

Level on Telescope. — For the adjustment of this attach- 
ment we shall give two methods, the first being that usually 
practiced by us. 

1. First level the instrument carefully, and with the clamp 
and tangent movement to the axis, make the telescope hori- 
Bontal as near as may be with the eye, then having the line 
of collimation previously adjusted, drive a stake at a con- 
venient distance, say from one to three hundred feet, and 
note the height cut by the horizontal wire, upon a staff set 
on the top of the stake. 

Fix another stake in the opposite direction, and at the 
same distance from the instrument, and without disturbing 
the telescope, turn the instrument up(m its spindle, set the 
staff upon the stake, and drive in the ground, until the same 
height is indicated as in the first observation. 

The top of the two stakes will then be in the same hcrt 
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sontal line, however much the telescope may be out of 
l<^vel. 

Now remove the instrument from fifty to one hundred feet 
to one side of either of the stakes, and in line with both ; 
again level the instrument, clamp the telescope as nearly 
liorizontal as may be, and note the heights indicated, upon 
the staff placed first upon the nearest, and then upon the 
most distant stake. 

If both agree, the telescope is level ; if not, with the 
tangent screw move the wire over nearly the whole error, as 
shown at the distant stake, and repeat the observation as 
just described. Proceed thus until the horizontal wire will 
indicate the same height at both stakes, when the telescope 
will be truly horizontal. 

Taking care not to disturb its position, bring the bubble 
into the centre by the little leveling nuts at the end of the 
tube, when the adjustment will be completed. 

2. Choose a jpiece of ground nearly level, and having set 
the instrument firmly, level the plates carefully, and bring 
the bubble of the telescope into the centre with the t£^ngent 
screw. Measure in any direction from the instrument, from 
one to three hundred feet, and drive a stake, and on the stake 
set a staff and note the height cut by the horizontal wire, 
then take the same distance from the instrument in an oppo 
site direction, and drive another stake. 

On that stake set the staff and note the height cut by the 
wire when the telescope is turned in that direction. 

The c'ifference of the two observations is evidently the 
difference of level of the two stakes. 

Set the instrument over the lowest stake, or that upon 
which the greatest height was indicated, and bring the 
levels on the plates and telescope into adjustment as at first 

Then with the staff, measure the perpendicular distance 
from the top of the stake to the centre cf one of the horizi»ntal 
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cross wire screw heads ; from that distance subtract the dif- 
ference of level between the two stakes and mark the point 
on the staff thus found ; place the staff on the other stake, 
and with the tangent screw bring the horizontal wire to th« 
mark just found, and the line will be level. 

The telescope now being level, bring the bubble of the 
level into the centre, by turning the little nuts at the end of 
the tube, and noting again if the wires cut the point on the 
staff; screw up the nuts firmly and the adjustment will be 
completed. 

With such a level carefully adjusted, the engineer, by tak- 
ing equal fore and back sights, can run horizontal lines with 
great rapidity, and a good degree of accuracy. 

To use the Surveyor's Transit, 

In surveying with this instrument, the plates must be set so 
that the zeros of the circle and the verniers correspond, and 
firmly clamped together, the eye end of the telescope being 
placed over the south side of the compass circle, in the posi 
tion shown in the engraving. 

The surveyor may then proceed precisely as with the plain 
compass. 

To TURN OFF Angles. — When angles are to be measured 
independently of the needle, proceed precisely as directed in 
the description of the Kailroad Compass. 

The Variation of the Needle is also set off as men- 
tioned in our account of that instrument. 

Sizes of the Surveyor's Transit. 
We make three sizes of this instrument, the weights and 
dimensions of limb of each being as follows: 
4 inch needle horizontal limb, 6 in. diameter, weight 12 ibs« 

6 " ** 6J " " 13 * 

5j a u 7 *4 t( 14 . 
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Single Vernier Surveycfi^i Transit. 

m 

We have just introduced a modification of this favorite 
instrument, by which, with a lighter socket and one double 
vernier to the limb, we furnish all the capabilities of the more 
costly instrument, at a material reduction in price. 

We make three sizes of this transit, of the same dimensions 
as those having two verniers to the limb; the engraving 
opposite represents the one with five inch needle, having also 
ar level attached to telescope, with clamp and tangent to axis. 

This instrument may he used on the hall spindle and com- 
pass tripod, like the Vernier Transit, hut like other transits 
should also be furnished with the usual leveling tripod. 

The Single Vernier Surveyor's Transit, from its lightness, 
excellence and cheapness, will supply as we trust, a need long 
felt by engineers and surveyors, in furnishing an instrument 
suitable for accurate work at a very reasonable cost. 

Merits of the Surveyor's Transit. 

In this instrument, as just described, the surveyor will 
recognize advantages not possessed by any other instrument 
with which we are acquainted. 

Combining the capabilities of a needle instrument, with a 
fine telescope, and the accuracy of a divided limb and verniers, 
and having also the means for turning off the variation of the 
needle; it is for a mixed practice of accurate surveying and 
engineering, such indeed ab is required by most city engineers, 
the best instrument ever constructed. 

The peculiar construction of the sockets and plates of this 
instrument is entirely our own invention, and we feel the 
utmost confidence in recommending it to all whose practice is 
such as to require the use of the needle combined with that of 
the divided circle and verniers. 
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THE SOLAR COMPASS. 

This instrument, so ingeniously contrived for readily deter 
mining a true meridian or north and south line, was invented 
by William A. Burt, of Michigan, and patented by him in 1836. 

It has since come into general use in the surveys of U. S. 
public lands, the principal lines of which are required to bo 
run with reference to the true meridian. 

The invention having long since become the property of 
the public, we have given our attention to the manufacture 
of these instruments, and are now prepared to furnish thenj, 
with important improvements of our own devising^ at greatly 
reduced prices. 

Our improved Solar Compass, one form of which is shown in 
the engraving, has nearly the same arrangement of plates, with 
divided circles, verniers, and sockets, as the Railroad Compass. 

The Solar Apparatus, 

The Solar Apparatus is seen in the place of the needle, 
and in fact operates as its substitute in the field. 

It consists mainly of three arcs of circles, by which can 
be set oiF the latitude of a place, the declination of the sun, 
and the hour of the day. 

These arcs, designated in the cut by the letters a, 6, and 
c, are therefore termed the latitude, the declination, and the 
hour arcs respectively. 

The Latitude Arc, a, has its centre of motion in two pivots 
one of which is seen at eZ, the other is concealed in the cut. 

It is moved either up or down within a hollow arc, seen 
in the cut, by a tangent screw at/, and is securely fastened 
in any position by a clamp screw. 

The Latitude arc is graduated to quarter degrees, and 
reads by its vernier, e, to single minutes ; it has a range of 
about thirty-five degrees, so as to be adjustable to the lati- 
^udo of any place in the United States. 
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The Declination Arc, ft, is also graduated to quarter 
degrees, and has a range of about twenty-four degrees. 

Its vernier, v, reading to single minutes, is fixed to a 
movable arm, h, having its centre of motion in the centre 
of th^ declination arc at g ; the arm is moved dver the sur- 
face of the declination arc, and its vernier set to any reading 
by turning the head of the tangent screw, k. It is also securely 
clamped in any position by a screw, concealed in the engraving. 

Solar Lenses and Lines. — At each end of the arm, h, is a 
rectangular block of brass, in which is set a small convex 
lens, having its focus on the surface of a little silver plate, 
fastened by screws to the inside of the opposite block. 

The silver plate, with its peculiar lines, will be referred to 
more particularly hereafter. 

Equatorial Sights. — On the top of each of the rectangular 
blocks is seen a little sighting piece, termed the equatorial 
sight fastened to the block by a small milled head screw, so 
as to be detached at pleasure. 

They are used, as will be explained hereafter, in adjusting 
the different parts of the solar apparatus. 

The Hour Arc, c, is supported by the two pivots of the 
latitude arc, already spoken of, and is also connected with 
that arc by a curved arm, as shown in the figure. 

The hour arc has a range of about 120°, is divided to half 
degrees, and figured in two series ; designating both the 
hours and the degrees, the middle division being marked 12 
and 90 on either side of the graduated lines. 

The Polar Axis. — ^Through the centre of the hour arc 
passes a hollow socket, p, containing the spindle of the 
declination arc, by means of which this arc can be moved 
from side to side over the surface of the hour arc, or turned 
completely round as may be required. 

The hour arc is read by the lowet ^d^^ q1 '^'^ ^"^^Siij^^ij^s^ 
side of the declination arc 
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'J'he axis of the declination arc, or indeed the whole socket| 
p, is appropriately termed the polar axis. 

The Adjuster. — Besides the parts shown in the cut, there 
is also an arm used in the adjustment of the instrument as 
d(.'8cribed hereafter, but laid aside in the box wbei^ that is 
effected. 

The parts just described constitute properly the solar 
apparatus. 

Besides these, however, are seen the needle box, w, witn 
its arc and tangent screw, <, and the spirit levels, for bringing 
the whole instrument to a horizontal position. 

The Needle Box, n, has an arc of about 36** in extent, 
divided to half degrees, and figured from the centre or zero 
mark on either side. 

The needle, which is made as in other instruments, except 
that the arms are of unequal lengths, is raised or lowered 
by a lever shown in the cut. 

The needle box is attached by a projecting arm to a tan- 
gent screw, tf by which it is moved about its centre, and its 
needle set to any variation. 

This variation is also read oflF by the vernier on the end of 
the projecting arm, reading to single minutes a graduated 
arc, attached to the plate of the compass. 

The Levels seen with the solar apparatus, have ground 
glass vials, and are adjustable at their ends like those of our 
other, instruments. 

The edge of the circular plate on which the solar work is 
placed, is divided and figured at intervals of ten degrees, and 
numbered, as shown, from to 90 on each side of the line of 
sight. 

These graduations are used in connection with a little 
brass pin, seen in the centre of the plate, to obtain approxi- 
mate bearings of lines, which are not important enough to 
require a close observation. 
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Lines of Refraction; — The inside faces pf the sights are 
also graduated and figured, to indicate the amount of re« 
fraction to be allowed when the sun is near the horizon. 
These are not shown in the cut. 

The Horizontal Limb in all our Solar Compasses is divided 
upon silvei*, and reads by two opposite verniers to single 
minutes of a degree, the irumber of minutes being counted 
off in the same direction in which the vernier moves. 

Definibion of Astronomical Terms. 

Before proceeding to describe the principles and adjust- 
ments of this instrument, a brief statement of the terms 
employed may here be appr^riately made. 

The Sun ia the centre of the solar system, remaining con- 
stantly fixed in its position, though, for the sake of conve- 
nience, often spoken of as in motion around the earth. 

The Earth Brakes a complete revolution around the sun in 
865 days, 6 hours, very nearly. 

It also rotates about an imaginary line passing through 
its centre, and termed its oaris, once in twenty-four hours, 
turning from west to^ast. 

The Poles are the extremities of the axis ; that in our 
own hemisphere, known as the north pole, if produced in- 
definitely towards the concave surface of the heavens, would 
reach a point situated near the polar star, and called the 
^orth pole of the heavens. 

The Equator is an imaginary line passing around the earth 
equi-distant from the^poles, and at right angles with them. 

If the plane of the equator is produced to the heavens, it 
forms w^hat is termed the equator of the heavens. 

The Orbit of the earth is the path in which it moves in 
making its yearly revolntion. 

If the plane of this orbit were extended to the heavens, it 
would form the ecliptic or the sun's apparent path in the 
heavens. 
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The earth's axis is inclined to its orbit at an angle of 
about 23^ 28', making the angle between the earth's orbit 
and its equator, or between the celestial equator and the 
ecliptic of the same amount. 

The Equinoxes are the two points in which the ecliptic 
and the celestial equator intersect each other. 

The Declination of the sun is its angular distance north 
or south of the celestial equator ; when the sun is at the 
equinoxes, that is about the 21st of March and the 21st of 
September of each year, his declination is 0, or he is said to 
be on the equator; from these points his. declination increases 
from day to day, and* from hour to hour, until, on the 21st of 
June and 21st of December, he is 23® 28' distant from the 
equator. 

It is the declination which causes the sun to appear so 
much higher in summer than in winter, his. altitude in the 
heavens being in fact nearly 4T® more on the 21st of June 
than it is on the 21st of December. 

The Horizon of a place is the surface which is defined by 
a plane supposed to pass through tha place at right angles 
to a vertical or plumb line, and to bound our vision at the 
surface of the earth. 

The horizon or a horizontal surface is determined by the 
surface of any liquid when at rest, or by the spirit levels of 
an instrument. 

The Zenfth of any place is the point directly over head, 
at right angles to the horizon. 

The Meridian of any place is a great circle passing through 
tht: zenith of a place, and the poles of the earth. 

The meridian, or true north and south line of any place is 
the line determined by the intersection of the plane of the 
meridian circle with the plane of the horizon. 

The Meridian Altitude of the sun is its angular elevation 
above the horizon, when passing the meridian of a place. 
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The Latitude of a place is its distance north or south of 
the equator, measured on a meridian. At the equator the 
latitude is 0°, at the poles 90«*. 

The Longitude of a place is its distance in degrees or in 
time, east or west of a given place taken as the starting 
point or first meridian; it is measured on the equator or any 
parallel of latitude. 

In the Nautical Almanac, which is commonly used with 
the Solar Compass, the longitude of the principal places in 
the United States is reckoned from Greenwich, England, and 
expressed both in degrees and hours. 

The Zenith Distance of any heavenly body, is its angular 
distance nortlA)r south of the zenith of a place, measured 
when the body is on the meridian. 

Suppose a person situated on the equator at the time of 
the equinoxes, the sun, when on the meridian, would be in 
the zenith of the place, and the poles of the earth would, of 
course, lie in the. plane of his horizon. 

Disregarding for the present the declination of the sun, 
let us suppose the person travels towards the north pole. 

As he passes to the north, the sun will descend from the 
zenith, and the pole rise from the horizon in the same propor- 
tion, until when he arrives at the north pole of the earth, 
the sun will have declined to the horizon, and the pole of the 
heavens will have reached the zenith. 

The altitude of the pole at any place, or the distance of 
the sun from the zenith, would in the case supposed, give 
the observer the latitude of that place. 

If we novp' take into account the sun's declination, it would 
increase or diminish its meridian altitude, according as it 
passes north or south of the equator ; but the declination of 
the sun at any time being known, its zenith distance, and 
therefore the latitude of the place, can be readily ascertained 
by an observation made when it is on the meridian^ 
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As we shall see hereafter, it is by this method that w< 
obtain the latitude of any place by the Solar Compass. 

Time. — A solar day is the interval of time between the 
departure of the sun from the meridian of a place, and itt 
succeeding return to the same position. 

The length of the solar day, by reason of the varying 
velocities of the earth in its orbit, and the inclination of iU 
axis, is continually changing. 

In order to have a uniform measure of time, we hav€ 
recourse to what is termed a mean solar day, the length ol 
wliich is equal to the mean or average of all the solar daye 
in a y6ar. 

The time thus given is termed mean <m*and is that tc 
which clocks and watches are adjusted for the ordinary 
business of life. 

The sun is sometimes faster, and sometimes slower, thai 
the clock, the difference being termed the equation of time. 

The momenf when the sun is on the meridian of any plac€ 
is termed apparerd noon, and this being ascertained, we can 
by referring to the equation of time for the given day, and 
adding to, or subtracting from, apparent noon, according 
as the sun is slow or fast, obtain the time of mean noon, bj 
which to set the watch or chronometer. 

Difference of Longitude* — ^As the earth makes a complete 
rotation upon its axis once a day, every point on its surface 
must past over 360° in 24 hours, or 16** in one hour, and sc 
on in the same proportion. 

And as -the rotation is from west to east, the sun would 
come to the meridian of every place 15° west of Greenwich, 
just one hour later than the time given in the Almanac, foi 
apparent noon at that place. 

To an observer situated at Troy, N. Y., the longitude of 

which is in time 4 hours 54 minutes, 40 sec, the sun would 

eo/ne to the meridian nearly five boura \a.\et \h&x)L «A. ^t^ea 
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wich, and thus when it was 12 M. at that place, it would be 
be but about *l o'clock A. M. in Troy. 

Refraction. — By reason of the increasing density of the 
atmosphere from its upper regions to the earth's surface, the 
rays of light from the sun are bent out of their course, so as 
to make his altitude appear greater than is actually the case. 

The amount of refraction varies, according to the altitude 
of the body observed ; being when it is in the zenith, 
about one minute when midway from the horizon to the 
zenith, and almost 34' when in the horizon. 

To indicate the amount of refraction to be allowed in 
observations with the solar compass, the sights have on 
their inside faces a number of lines, marked at intervals, 
and figured so as to read off the degree of refraction of the 
sun or other body, when seen directly over the top of one 
sight, by the eye placed on the other at the height marked 
by the line of refraction. 

Effect of iNcmENTAL Refraction. — It will be seen by 
referring to the instrument, that the effect of the ordinary 
refraction, which to distinguish from meridional refraction, 
we will term incidental^ upon the position of the sun's image 
with reference to the equatorial lines, which, in fact, are the 
only ones to be regarded in running lines with the Solai 
Compass, is continually changing, not only with the change 
of latitude, but also with that of the sun's declination from 
hour to hour, and the motion of the revolving arm as it fol- 
lows the sun in its daily revolution. 

If tl>e equatorial lines were always in the same vertical 
plane with the sun, as would be the case at the equator at 
the ti4ie of the equinoxes, it is evident that refraction would 
have no effect upon the position of the image between these 
lines, and therefore would not be of any importance to the 
surveyor. 

Bat aa we proceed further notftv, atv^ ^'^ ^^ %\i\^^^ ^^'^jiccM 
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tion to the south increases, the refraction also increases, and 
must now be taken into account. 

Again the angle which the equatorial lines mak3 with the 
horizon is continually changing as the arm is made to folloA^ 
the motion of the sun during the course of a day. 

Thus in the morning and evening they are more or Icsa 
inclined to the horizon, while at noon they are exactly 
parallel to it. 

And thus it follows that the excess of refraction at mori^ 
ing and evening is in some measure balanced by the fact 
that the position of the sun's image with reference to the 
equatorial lines is then less affected by it, on account of the 
greater inclination of the lines to the horizon. 

Besides the causes already mentioned as modifying the 
effect of refraction, we may add that of the numerous changes 
in the atmosphere ; and when all these are considered, it 
will be seen that any idea of calculating the amount and 
influence of refraction with certainty may well be abandoned. 

The best than can be done, is to estimate and allow for it 
as a little experience will suggest during morning and 
evening, and disregard it entirely for the rest of the day. 

We shall give the practice of government surveyors in 
allowing for refraction, when we come to speak of the man- 
ner in which the Solar Compass is used. 

The Meridional Refraction of the sun is that by which 
his position is affected when on the meridian. 

It varies of course, with the varying meridional altitudes 
of the sun, and in all places in north latitude must be added 
to the declination when it is north, and subtracted when it is 
south, in order to obtain the true declination for the given day. 

This is done for the starting hour as will be hereafter 
described, and is carried through the other hours of the day 
without further addition. 

To obtain the meridionsd refraction of ttie a\m iot ^ ^\x^xw 
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day and place, we first ascertain the meridional altitude of 
the sun on that day, and then refer to the table of refractions 
given in the Almanac a few pages beyond the ephemeris 
of the sun, and find the amount of refraction corresponding 
to the angle thus obtained, which will be the meridional* 
refraction required. 

Thus to obtain the meridional refraction of the sun for 
April 16th, 1868, at Troy, N. Y., proceed as follows : 

Latitude of Troy 42^ W 

90—42^ 44'=4r 16' 
Declination April 16, which is north or -f- 10** 19' 22' 

Gives a meridional altitude of 67* 35' 22" 
Referring now to the table of refractions we find the amount 

corresponding to thQ angle thus found to be 38", which is the 

meridional refraction for the given day, and is to be added 

t6 the declination,, as will hereafter be seen. 

Again, let it be required to obtain the meridional refraction 

at the same place, Oct. 15, 1868, the declination now being 

in the contrary direction. 

Latitude of Troy 42® 44' 

90—42® 44'=4t® 16' 

Declination for Oct. 16, which is south or — . . • . 9® 5' 40" 



Gives a meridional altitude of 38* 10' 20" 

Referring again to the table,* we find the refraction for the 

meridional altitude just found to be 1' 14", which is now to 

be subtracted from the declination for the given day, when 

it is set off upon the declination arc. 
As will be seen by both examples, the meridional refraction, 

though affecting the sun's declination by a constant quantity 

through the whole day, is yet of comparatively small amount, 

and in practice is often entirely disregarded, except by those 

surveyors engaged in running the gi^^A. «,\»xA^^\ \s^^x\^^6ka 

and parallels of latitude, or in teslm^ \)Dk»vc \\i^\xxixs\^'^^- 
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Principles of the Solar Compass. 

We are now prepared, to proceed to the explanation of the 
peculiar construction of the instrument we are considerih*^. 

The little silver plate before referred to, is shown in detail 
in fig. 13. On its surface are marked two sets of lines inter- 
Fig. 13. secting each other at right angles; of these, 
h b are termed the hour lines, and c c the 
j^ equatorial lines, as having reference reepeo- 
tively, to the hour of the day ajid the posi- 
tion of the sun, in relation to the equator* 

Below the equatorial lines are also marked three other lines, 
which are five minutes apart, and are of service in making 
allowance for refraction, as will be hereafter explained. 

The interval between the two lines c, c, as well as between. 
6, 6, is just suflScient to include the circular image of the sun, 
as formed by the solar lens, on the opposite end of the re^ 
volving arm. 

When, therefore, the instrument is made perfectly hori-. 
zontal, the equatorial lines and the opposite lenses being 
accurately adjusted to each other by a previous operation, 
and the sun's image brought within the equatorial lines, his . 
position in the heavens, with reference to the horizon, will 
be defined with precision. 

Suppose the observation to be made at the time of one of 
the equinoxes ; the arm h^ set at zero on the declination arc 
6, and the polar axis p, placed exactly parallel to the axis of 
the earth. 

Then the motion of the arm ^, if revolved on the spindle 
of the declination arc around the hour circle c, will exactly 
correspond with the motion of the sun in the heavens, on the 
given day and at the place of observation ; so that if the 
Bun's image was brought between the lines c c, in the morn- 
ings it would continue in the same position, passing neither 
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above nor helow the lines, as the arm was made to revolve 
in imitation of the motion of the sun about the earth. 

In the morning as the sun rises from the horizon, the arm 
h will be in a position nearly at right angles to that shown 
in the cut, the lens being turned towards the sun, and the 
silver plat^ on which his image is thrown directly opposite; 

As the sun ascends, the arm must be moved around, until 
when he has reached the meridian, the graduated side of the 
declination s^rc will indicate 12 on the hour circle, and the arm 
hf the declination arc b, and the latitude arc a, will be in the 
same'plane. 

As the sun declines from the meridian the arm h must be 
moved in the same direction, until at sunset its position will 
be the exact reverse of that it occupied in the morning. 

Allowance for Declination. — Let us now suppose the 
observation made when the sun has passed the equinoctial 
point, and when his position is affected by declination. 

By referring to the Almanac, and setting off on the arc 
his declination for the given day and hour, we are still able 
to* detc rmine his position with the same certainty as if he 
remained On" the equator. 

When the sun's declination is south, that is from the 22d 
of September to the 20th of March in each year, the arc b is 
turned towards the plates of the compass, as shown in the 
engraving, and the Solar lens, o, with the silver plate oppo- 
site, are made use of in the surveys. 

The remainder of the year, the arc is turned from the 
plates, and the other lens and plate employed. 

When the Solar Compass is accurately adjusted, and its 
plates made perfectly horizontal, the latitude of the place, 
and the declination of the sun for the given day and hour, 
being also set off on the respective arcs, the image of the 
sun cannot be brought between the cquotor\o)L \we;^ 'vxwXrvV. 'Ocvfc 
fpo/ar axis is placed in the pZanc of tKe menrvAxau of ^«. •^vAi.c^^>^ 
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in a pnrUion parallel to the axis of the earth. The slightest 
deviation from this position will cause the image fo pass 
above or below the lines, and thus discover the erroi. 

We thus, from the position of the sun in the solai system, 
obtain a certain direction absolutely unchangeable, from wh icrh 
to run our lines, and measure the horizontal angles require* (. 
This simple principle is not only the basis of the construc- 
tion of the Solar Compass, but the sole cause of its superiority 
to the ordinary or magnetic instrument. For in a needle 
instrument, as before stated in this work, the accuracy of 
the horizontal angles indicated, and therefore of alU the 
observations made, depends upon " the delicacy of the needle^ 
and the constancy with which it assumes a certain direction^ 
termed the magnetic meridian." 

The principal causes of error in the needle as briefly 
stated, are the dulling of the pivot, the loss of polarity in 
the needle, the influence of local attraction, and the eflfect of 
J, the sun's rays, producing the diurnal variation. 

i From all these imperfections the solar instrument is free. 

The sights and the graduated limb being adjusted to the solar 
apparatus, and the latitude of the place, and the ideclination 
■! pf the sun also set off upon the respective arcs, we are 

■■i able, not only to run the true meridian, or a due east and 

y west course, but also to set off the horizontal angles with 

minuteness and accuracy from a direction which never 
ij changes, and is unaffected by attraction of any kind. 

i To adjust the Solar Compass. 

?■: The adjustments of this instrument, with which the sur- 

• veyor will have to do, are simple and few in numl)er, and 

{]' ' will now be given in order. 

fi, 1st, To Adjust the Levels. — Proceed precisely as directed 

!;■ in the account of the other instruments we have described, 

by bringing the bubbles into the centre of the tubes by the 
leveling screws of the tripod, and then levexam^ XXie wi-aXxxsi' 






rt 

i. 



THE SOLAS. COMPASS. 77 



lament upon its spindle, and raising or lowering the ends of 
'tlie tubes, until the bubbles will remain in the centre during 
sA complete revolution of the instrument. 

2d, To Adjust the Equatorial Lines and Solab Lensbs.— 
IFirst detach the arm h from the declination arc by withdraw- 
ying the screws shown in the cut from the ends of the posts 
^ the tangent screw, k, and also the clamp screw, and the 
comical pivot with its small screws by which the arm and 
(iideclination arc are connected. 

The arm, h, being thus removed, attach the adjuster in its 
3)!afce by replacing the conical pivot and screws, and insert 
tthe clamp screw so as to clamp the adjuster at any point on 
ithe <leclination arc. 

Now level the instrument, place the arm h on the adjuster, 
'with the same side resting against the surface of the decli- 
aisetnon arc as before it was detached. Turn the instrument 
"•n iTte spindle so as to bring the solar lens to be adjusted in 
liare -direction of the sun, and raise or lower the adjuster on 
iSLve declination arc, until it can be clamped in such a posi- 
Tiion, as to bring the sun's image as near as may be between 
♦the "Equatorial lines on the opposite silver plate, and bring 
llie iimage precisely into position, by the tangent of the lati- 
"twSearc, or th^ leveling screws of the tripod. Then care- 
frilly turn the arm half way over, until it rests upon the 
^joster by the opposite faces of the rectangular blocks, and 
4igeraa observe the position of the sun's image. 

If it remains between the lines as before, the lens and 
|)ktte are in adjustment ; if not, loosen the three screws 
^vliich confine the plate to the block, and move the plate 
«»d€T their heads, until one half the error in the position of 
tliesTin's image is removed. 

Again bring the image between the lines, and repeat the 
operation until it will remain in the ^♦oAst'^ %\X:<\a^k'^\!k.^>sv>^^'^ 
positions of the arm, when ttie a^^w^X.m'&xiX* V^\i^ ^^^^"^"^^ 
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To adjust the other lens and plate, reverse the arm eaJfor 
end on the adjuster, and proceed precisely as in the fonner 
case, until the same result is attained. 

In tightening the screws over the silver plate, care must 
be taken not to move the plate. 

This adjustment now being complete, the adjuster should 
be removed, and the arm, h, with its attachments, replaced 
as before. 

3d, To Adjust the Vernier of thb Declination Aao.~- 
Having leveled the instrument, and turned its lens in the 
direction of the sun, clamp to the spindle, and set the ver- 
nier, V, of the declination arc, at zero, by means of the tan- 
gent screw, at ^, and clamp to the arc. 

See that the spindle moves easily and yet truly in the 
socket, or polar axis, and raise or lower the latitude arc 
by turning the tangent screw, /, until the sun's imag-e is 
brought between the equatorial lines on one of the plates. 
Clamp the latitude arc by the screw, and bring the image 
precisely into position by the leveling screws of the tripod 
or socket, and without disturbing the instrument, carefully 
revolve the arm h, until the opposite lens and plate are 
brought in the direction of tJie sun, and note if the sun's 
image comes between the lines as before. 

If it does, there is no index error of the declination arc ; 
if not with the tangent screw, k, move the arm until the 
Bun's image passes over half the error; again bring the image 
between the lines, and repeat the operation as before, until 
the image will occupy the same position on both the plates. 

We shall now find, however, that the zero marks on the 
arc and the vernier do not correspond, and to remedy this 
error, the little flat head screws above the vernier must be 
loosened until it can be moved so as to make the zeros 
coincide, when the operation will be completed. 
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4th, To Adjust the Solab Apparatus to the Compass 
Sights.— First level the instrument, and with the claidp arid 
tangent screws set the main plate at. 90° by the verniers 
and horizontal limb. Then remove the clamp screw, and 
raise the latitude arc until the polar axis is by estimation 
very nearly horizontal, and if necessary, tighten the screws 
on the pivots of the arc, so as to retain it in this position. 

Fix the vernier of the declination arc at zero, and direct 
the equatorial sights to some distant and well marked object, 
and observe the same through the compass sights. If the 
same object is seen through both, and the verniers read to 
90° on the limb, the adjustment is complete ; if not, the cor- 
rection must be made by moving the sights or changing the 
position of the verniers. 

In that form of this instrument, described hereafter as the 
Solar Compass proper, the solar work is attached perma- 
nently to the sockets, and this adjustment once made by the 
maker, will need no further attention at the hands of the 
surveyor, unless in case of severe accidents. 

In the second form, termed the Solar Telescope Compass, 
the socket of the telescope is made so as to be adjustable 
horizontally, and thus set to the solar apparatus and divided 
limb with certainty and ease. 

Other Adjustments. — We should perhaps here say, that 
the above adjustments, as well as the others \^ith which the 
surveyor ordinarily will have no concern, are all made by 
us, in the process of constructing and finishing our instru- 
ments, and are liable to very little derangement in the ordi- 
nary use of the Solar Compass. 

Tripods^ dbc. 

The Solar Compass should always be used on a tripod pro- 
vided with some means by which it may be leveled with ease 
and accuracy. 

A tangent motion to the w\io\c Axv^VmrneroX. ^^^"^"^"^^ ^^^^ 
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in addidoD to that of the limb alread; spoken o^ is also o 
Tory great value, 

Tfaeee requirementa are, we thini, best supplied in otu 
Adjusting Socket, with compound tangent ball, shown it 
fig. II, being screwed into the top of a tripod like the ordi- 
naiy leveUng head. 

The interior stem of the socket is expanded above t( 
receive the ball of the compass, and below, pivots npon s 
emaH bsJl confined underneath the plate of the tripod. 

The instrument is approximately leveled by the ball and 
Bocket joint, and finally made perfectly horizontal by the 



leveling s< 



Fig. 14. 



s of the socket. 

It also revolves upon the spindle as 
Qpon the ordinary compass bfdl, bnt can 
be clamped at pleoenre to the spindle^ 
and then by its sights or telescope 
directed precisely to any object by the 
tangent screw of the compound balL 

The ordinary adjusting tripod head 
with leveling screws, and clamp and 
tangent movement, as shown with our 
Surveyor's Transit, is also used with 
this instrument, but is heavier and less 
capable of rapid adjustment. 

Of course when a single or Jacob staff 
is preferred to the tripod, for this or any 
other of our compasses, the adjusting 
socket, with either a simple or compound 
boll, can be placed upon the top of the 
staff and adjusted as just described. 
la all cases where either a levehng tripod or the adjust- 
ing socket, with compoimd ball, is furnished with this 
jnstrameni^ a simple ball if> also supplied, upon which the 
compass can be placed whenever desired. 
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The siraple ball is furnished with an extra cap for the 
socket, or in case of the leveling tripod, with an adopter, 
fitting to the top of the tripod, so that the substitution can 
be made by the surveyor himself without any difficulty. 

Prices of the Socket. — As the adjusting socket may often 
1)6 used to advantage with the other instruments described 
in this work, we will here insert its prices with its various 
modifications. 

With tripod and compound ball as in fig. 14 . .$18 00 

" " simple " 12 00 

'* Jacob stafi" and compound ball , 12 00 

" " simple ** 6 00 

2b use the Solar Compass, 

Before this instrument can be used at any given place it is 
necessary to set off" upon its arcs both the declination of the 
s&n as affected by its meridional refraction for the given day, 
and the latitude of the place where the observation is made. 

To SET OFF THE DECLINATION. — The dcclination of the sun, 
given in the Ephemeris of the Nautical Almanac, from year to 
year, is calculated for apparent noon at Greenwich, England. 

To determine it for any other Tiour at a place in the U. S., 
reference must be had, not only to the difference of time 
arising from the longitude, but also to the change of declina- 
tion from day to day. 

The longitude of the place, and therefore its difference in 
time, if not given directly in the tables of the Almanac, can 
be ascertained very nearly by reference to that of other 
places given, which are situated on, or very nearly on, the 
same meridian. 

It is the practice of surveyors in the States east of the 
Mississippi to allow a difference of six hours for the difference 
in Ipngitude, calling the declination given in the Almanao 
for 12 M., that of 6 A. M., at the place of o\i^%\.^^NKss^» 

6 
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Beyond the parallel of Santa Fe, the allowance would be 
about seven hours, and in California, Oregon, and Washing- 
ton Territory about eight hours. 

Having thus the difference of time, we very readily obtain 
the declination for a certain hour in the morning, which 
would be earlier or later as the longitude was greater or less, 
and the same as that of apparent noon at Greenwich on the 
given day. Thus suppose the observation made at a place, 
say, five hours later than Greenwich, then the declination 
given in the Almanac for the given day at noon, affected by 
the meridional refraction, would be the declination at the 
place of observation for 1 o'clock, A. M.; this gives us th& 
starting point. 

To obtain the declination for the other hours of the day 
take from the Almanac, the declination for apparent noon of 
the given day, and also that of the day following, subtract 
one from the other, as it may have increased or decreased, 
and we have the change of declination for 24 hours, divide 
chis by 24, and we obtain the change of declination for a 
single hour, which is to be added to, or subtracted from 
that of the starting hour, according as the declination is 
incroasing or decreasing between the two days taken. 

To make this more plain we will give an example. Sup- 
pose it was required to obtain the declination for the dif- 
ferent hours of April 16th, 1868, at Troy, N. Y. 

The longitude in time is 4 hrs. 64 min. 40 sec, or practi- 
cally 6 hours, so that the declination given in the Almanac 
For the given day at Greenwich would be that of 1 A. M. at 
Troy. 

To obtain the hourly change. 
Say declination at Greenwich, April 17. .10** 40' 28" 
«* " •* 16.. 10 19 22 



Change for 24 hours 21 06 
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Beduce to seconds, and divide by 24, and we have an hourly 
change of 50 seconds, which, as the declination is increasing, 
b to be added every hour after 7 A. M. 

Hence, sun's declination at Greenwich noon as by the table 

being.......... 10*» 19' 22" 

Add meridional refraction. 38 

10 20 =Dec. for 7 A. M. 
Add hourly change 50 

10 20 50 . " 8 " 
•• ** 50 

10 21 40 '* 9 '* 
•• •• 50 

10 22 30 " 10 '* 
« ** 50 

10 23 20 •• 11 " 
« •* 50 

10 24 10 '• 12 M. 
•• •• .... 50 

10 25 *• IP. m 

•• •• 50 

10 25 50 " 2 •« 
•• •• 50 

10 26 40 •• 3 '* 
•• «« 50 

10 27 30 « 4 *• 
•» «• 50 

10 28 20 " 6 •* 
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10** 28' 20"=Deo. for 5 P.M. 
Add hourly change 60 

10 29 10 '* 6 " 

«« " 50 



10 30 " 7 " 

In the case taken the declination is increasing from day to 
day, and therefore the hourly change is added; if, on the 
contrary, the declination was decreasing, the hourly change 
should be subtracted. 

The calculation of the declination for the different hours of 
the day, should of course be made and noted before the sur- 
veyor commences his work, that he may lay off the change 
from hour to hour, from a table prepared as above described. 
" It is considered sufficiently accurate by most government 
surveyors, to set off the declination only three or four times 
in the day, at intervals of two or three hours as required. 

To SET OFF THE LATITUDE. — Find the declination of the sun 
for the given day at ^loon, at the place of observation as just 
described, and with the tangent screw set it off upon the de- 
clination arc, and clamp the arm firmly to the arc. 

Observe in the almanac the equation of time for the given 
day, in order to know about the time the sun will reach the 
meridian. 

Then, about fifteen or twenty minutes before this time, set 
up the instrument, level it carefully, fix the divided surface 
of the declination arc at 12 on the hour circle, and turn the 
instrument upon its spindle until the solar lens is brought 
into the direction of the sun. 

Loosen the clamp screw of the latitude arc, and with the 
tangent crew raise or lower this arc until the image of the 
sun is brought precisely between the equatorial lines, and 
turn the instrument from time to time so as to keep the 
image also between the hour lines on the plate. 
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As the sun ascends, its image will move below the lines, 
and the arc must be moved to follow it. Continue thus keep- 
ing it between the two sets of lines until its image begins 
to pass above the equatorial lines, which is also the moment 
of its passing the meridian. 

Now read oflf the vernier of the arc, and we have the lati- 
tude of the place, which is always to be set off on the aro 
when the compass is used at the given place. 

It is the practice of surveyors using the Solar Compass to 
set off, in the manuer just described, the latitude of the point 
where the survey begins, and to repeat the observation and 
correction of the latitude arc every day when the weather is 
favorable, there being also nearly an hour at mid-day when 
the sun is so near the meridian as not to give the direction 
of lines with the certainty required. 

To Run Lines with the Solar Compass. — Having set off 
in the manner just given the latitude and declination upon 
their respective arcs, the instrument being also in adjust- 
ment, the surveyor is ready to run lines by the sun. 

To do this, the instrument is set over the station and 
carefully leveled, the plates clamped at zero on the horizontal 
limb, and the sights directed north and south, the direction 
being given, when unknown, approximately by the needle. 

The solar lens is then turned to the sun, and with one hand 
on the instrument, and the other on the revolving arm, both 
are moved from side to side, until the sun's image is made 
to appear on the silver plate ; when by carefully continuing 
the operation, it may be brought precisely between the 
equatorial lines. 

Allowance being now made for refraction, the line of sights 
will indicate the true meridian; the observation may now be 
made, and the flag-man put in position. 

When a due east and west line is to be run, the verniers 
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of the horizontal limb are set at 90^, and the sun's imag^ 
kept between the lines as before. 

The Solar Compass being so constructed that when the 
sun's image is in position the limb must be clamped at in 
order to run a true meridian line, it will be evident that the 
bearing of any line from the meridian, may be read by the 
verniers of the limb precisely as in the ordinary magnetic 
compass, the bearing of lines are read from the ends of the 
needle. 

Allowance for Refraction. — From what has been before 
stated, it will be seen that no precise calculation can be 
made for the effect of incidental refraction. 

The practice of the Government surveyor in this matter 
is, to keep the image square between the equatorial lines 
during most of the day, but at morning and evening, when 
the sun is near the horizon, to run the image full and flush 
upon the lower line, and pay no regard to the other. 

When the sun is near the horizon, the image is less bright 
and clearly defined than during the rest of the day, and in 
keeping .the brightest part fully on the lower equatorial line, 
as we have said, the hazy edge of the image will overlap 
one or two of the graduated spaces below, and thus fully 
compensate for the effect of refraction. 

A little practice with the instrument will soon enable the 
inexperienced surveyor to supply the correction thus ap- 
proximately given, so as to make the proper allowance for 
incidental refraction with more accuracy, than if a precise 
calculation had been attempted. 

Use of the Needle. — In running lines, the magnetic needle 
is alway kept with the sun ; that is, the point of the needle 
is made to indicate on the arc of the compass box, by 
turning the tangent screw connected with its arm on the 
opposite side of the plate. By this means the lines can be 
fun by the needle alone in case of the temporary disappear 
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anoe of the sun ; but, of course, in such cases the surveyor 
must be sure that no local attraction is exerted. 

The variation of the needle, which is noted at every station, 
is I'ead off in degrees and minutes on the arc, by the edge of 
which the vernier of the needle box moves. 

Allowance for the Earth's Curvature. — When long lines 
are run by the Solar Compass, either by the true mendian, or 
due east and west, allowance must be made for the curvature 
of the earth. 

Thus, in running north or south, the latitude changes 
about one minute for every distance of 92 chains, 30 links, 
and the side of a township requires a change on the latitude 
arc of 5' 12", the township, of course, being six miles square. 

This allowance is of constant use where the surveyor fails 
to get an observation on the sun at noon, and is a very close 
approximation to the truth. 

In running due east and west, as in tracing the standard 
parallels of latitude, the sights are set at 90o on the limb, 
and the line is run at right angles to the meridian. 

If no allowance were made for the earth's curvature, these 
lines would, if suflSciently produced, reach the equator, to 
which they are constantly tending. 

Of course, in running short lines either east or west, the 
variation from the parallel, would be so small as to be of no 
practical importance, but when long sights are taken, the 
correction should be made by taking fore and back sights at 
every station, noticing the error on the back sight, and set- 
ting off one half of it on the fore sight on the side towards 
the pole. 

Time op Day by the Sun. — The time of day is best ascer- 
tained by the Solar Compass when the sun is on the meridian, 
as at the time of making the observation for latitude. 

The time thus given is that of apparent noon, and can be 
reduced to mean time, by merely applying the equation of 
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time as directed in the Almanac, and adding or subtracting 
as the sun is slow or fast. 

The time, of course, can also be taken before or after noon, 
by bringing the sun's image between the hour lines, and 
noticing the position of the divided edge of the revolving 
arm, with reference to the graduations of the hour circle, 
allowing four minutes of time for each degree of the arc, and 
thus obtaining apparent time, which must be corrected by 
the equation of time as just described. 

Caution as to the False Image. — In using the compass 
upon the sun, if the revolving arm be turned a little one side 
of its proper position, a false or reflected image of the sua 
will appear on the silver plate in nearly the same place as 
that occupied by the true one. It is caused by the reflection 
of the true image from the surface of the arm, and is a fruit* 
ful source of error to the inexperienced surveyor. It can, 
however, be readily distinguished from the real image by 
being much less bright, and not so clearly defined. 

Approximate Bearings. — When the bearings of lines, such 
as the course of a stream, or the boundaries of a forest, 
are not desired with the certainty given by the verniers and 
horizontal limb, a rough approximation of the angle they 
make with the true meridian, is obtained by the divisions on 
the outside of the circular plate. 

In this operation, a pencil, or thin straight edge of any 
sort, is held perpendicularly against the circular edge of the 
plate, and moved around until it is in range with the eye, 
the brass centre pin, and the object observed. 

The bearing of the line is then read off at the point where 
the pencil is placed. 

Time for using the Solar Compass. 
The Solar Compass, like the ordinary instrument, can be 
nsed at all seasons of the year, the most favorable time 
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being, of course, in the summer, wben the declination is 
north, and the days are long, and more generally fair. 

It is best not to take the sun at morning and ovening, 
when it is within half-an-hour of the horizon, nor at noon, as 
we have before stated, for about the same interval, before 
and after it passes the meridian. 

Telescope and Micrometer, 

It is often desirable to use a telescope in connection with 

the Solar Compass, both for ranging lines and measuring 

distances, where the chain cannot bo conveniently employed 

Fig. 1ft. 




The above cut will show the arrangement which we have 
commonly made for this purpose, and which is intended to 
use with that form of the instrument provided with the 
ordinary sights. 

The telescope is from 17 to 20 inches in length, and fur- 
nished with the same glasses as those of the best leveling 
instruments. 

It has, of course, the ordinary cross-wires, with screws for 
their adjustment ; the centering ring for the eye-piece, the 
screws and washers of which are shown at the eye end ; and 
a pinion for bringing the object glass into focus upon neai 
and distant objects. 

The tube of the telescopo is placed in Y pieces like those 
of the leveling instrument, so that it can be revolved at 
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pleasure on loosening the pins which confine it, or entirely 
removed from the wyes, and carried on the person of the 
surveyor, by a "cord suspended from the little rings shown 
on its upper surface. 

The wye piece on the forward sight has a slote as shown, 
80 as to allow the telescope to move up or down a short 
distance, and to be clamped at pleasure at any point within 
the range. 

The cross-wire screws are concealed under a little thin 
brass ferule, placed on the enlarged part of the tube, which 
can be slipped off, whenever the adjustment of the wires is 
required. 

The cross-wires are adjusted like those of the ordinary 
level, by revolving the tube in the wyes, and bringing each 
wire to reverse upon the same object. 

When thus adjusted, the telescope is turned in the wyes, 
until the pinion is in the position shown in the cut, and the 
wires made respectively horizontal and vertical, when it is 
clamped by the pins, and the telescope moved up >r down 
at the forward end, and finally clamped upon the sights, so 
that the vertical wire and the compass sights bisect the 
game object observed. 

The telescope can then be used in place of the sights, and 
long lines over surfaces nearly horizontal be run with nearly 
the same accuracy and ease as with the Transit. 

When packed in the instrument case, the tube of the 
telescope takes apart by unscrewing in the middle, there 
being also little caps supplied to screw on the open ends, 
and keep out the dust and moisture from the interior of the 
tube. 

The Cheaper Telescope. — In place of the telescope we 
have just described, a much cheaper one is sometimes made 
hy adapting the ordinary spy-glass to the sights, and sup* 
plj^wg the cross wires. 
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This telescope, however, cannot be adjusted with certainty, 
or used with satisfaction, nor can it be recommended where 
• accuracy of observation is required. 

Micrometer. — In this telescope there are three horizontal 
cross wires, the centre one being fixed as usual, while the otlor?, 
one on either side, can be adjusted at any distance from each 
dthor, and thus made to cover a certain interval upon a rod 
placed at a specified distance from the telescope. 

When these wires are thus adjusted to include a certain 
interval, as a foot for instance, upon a rod placed at a distance 
of 100 feet, it is found that they will cover half a foot at one 
half that distance, or two feet at a distance of 200 feet, and 
80 on in very nearly the same proportion. 

By this means the distance of the rod from the instrument 
can be measured or set off, without the use of a chain, and 
with astonishing accuracy and ease. 

Indeed, we have been frequently assured that with a power- 
ful telescope, such as we have often placed on our transit 
instruments, or such as we are now describing, distances can 
be measured with even greater accuracy than by a chain, 
especially when the surface of the ground is broken or inter- 
sected by deep ravines. 

The two small screws by which the movable wires are ad- 
justed, have their heads upon the outside of the washers of 
the cross wire screws, and can thus be moved by the surveyor 
with a simple screw driver, one being slackened and the other 
tightened, until the interval between the wires is made pre- 
cisely as desired, when the little movable ferule is slipped over 
all, and the wires protected from any derangement. 

When measurements are to be recorded in chains and links, 
the wires should be made to cover a foot at a distance of 66 
feet, if recorded in feet, they should cover the same interval 
at a distance of 100 feet. 
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The rod need with the micrometer should be gradaated to 
feet and decimals of a foot, and provided with two tar^tn, 
the upper one being fixed at some definite point, while the 
lower one can be moved as the surveyor requires, the dis- 
tance between the two targets being accurately read off by 
the vernier of the movable one. 

In using the micrometer, the upper wire is brought by the 
leveling screws of the tripod precisely upon the upper or 
stationary target, while the' lower target is moved op or 
down until the lower wire exactly bisects its centre line, 
when the rod is read, and the distance recorded. 
Different Forma of the Solar Compaat. 

We manufacture two different forms of this instrument, of 
which we will now proceed to give a detailed description, 
beginning with that of which we have already spoken. 

THE SOLAR COMPASS. 
Fig. i«. 




Tlic first form of this instrument, and that which is most coii> 

iion)y Hflftd bj the government surveyor, is shown in fig, 16, 

Mnd Btill bettor in the engraving otthtopeivmsQ^ 'toaa'^'CwX^k. 
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As there seen, the main plate which carries the sights, 
&c., is but a trifle larger than the circular one on which the 
solar work is placed. 

The solar apparatus, which is of the usual form and size, 
is permanently attached to the sockets of the instrument by 
a screw, the head of which may be seen in the inside of the 
socket when the instrument is removed from the ball. 

The Sockets "are very strong, and the whole instrument is 
exceedingly compact, light, and substantial. 

The Tangent Movement between the plates is partly shown 

• in the figure, the clamp screw, however, is concealed. 

The Clamp Screw, by which the instrument is fastened to 

• the spindle, if shown on the side of the socket. 

The Spring Catch, of which the knob is shown opposite 
the head of the clamp screw, prevents the instrument from 
falling from the spindle when carried on the shoulder, with- 
out being previously clamped. 

The lines of refraction are shown on one of the sights, but 
-as we have previously remarked, are very seldom used in 
practice. 

The Tangent Scale for angles of elevation and depression 
is also seen upon the sights, and is sometimes of servic^e in 
reducing an inclined to a horizontal surface in chaining. 

The Graduations of this instrument are made upon silver 
plate, and figured as usual, the arcs and circles being read 
to single minutes by their respective verniers. 

The Solar Apparatus has the same adjustments and 
appliances as have been previously described. 

This form of the Solar Compass is generally used upon the 
adjusting socket shown in fig. 14, but may also be placed 
upon the leveling tripod if desired. 
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THE SOLAE' TELESCOPE COMPASS. 

In this, the second form of our improved Solar Compass^ 
the solar apparatus and the arrangement of the socket, &;o^ 
is precisely like that of the instrument just described. 

The main or lower plate, however, is now made circular, 
the sights being dispensed with, and a telescope substituted 
in their stead. 

The telescope is from ten to twelve inches long, furnished 
with cross wires, &c., and turns by its projecting spindle 
within a socket attached to the lower plate of the instru- 
ment, so as to revolve in either direction, as In taking fore 
and back sights, or to run lines up or down steep ascents or 
descents, with the same ease as that of the ordinary Transit. 

Attached to the ball of the telescope, and turning with it, 
is also shown an index, with vernier reading to five minutes, 
which moving over a graduated circle, enables the surveyor 
to take angles of elevation and depression with great facility. 

The telescope is also furnished with the micrometer wires 
already described, the movable wire being adjusted by the 
small screw heads shown above and below to one side of 
those which effect the ordinary adjustment of the wires. 

The socket in which the spindle of the telescope turns, is 
moved at one end a short distance in a horizontal direction 
by butting screws pressing upon either side, thus adjusting 
the cross wires of the telescope precisely to the equatorial 
sights of the solar apparatus, as described in our 4th adjust- 
ment of the Solar Compass. 

This instrument is best used upon the light leveling 

tripod, as shown in the engraving ; but the adjusting 

socket, fig. 14, is also suppUed with each iastrument, and 

being fitted to the same tripod, can be substituted whenever 

desired. 
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To use the Solar Telescope Compass. 

As the construction of this form of the Solar Compass is 
somewhat peculiar, on account of the telescope and its 
position on the instrument, a brief explanation of its use 
may here be appropriately made. 

The fact that in this instrument the telescope is placed at 
one side, may at first occasion some question as to the 
accuracy and convenience of its observation. 

A very simple contrivance adapted to the flagstaff used 
■with the instrument, will, however, we think, obviate any 
difficulty in both respects. 

This is shown in fig. 18, and is merely a small peg or 
ofGset fastened near the foot of the staff, its extremity being 
precisely the same distance from the centre of the staff as 
the centre of the telescope is from that of the instrument 
itseli 

The staff is therefore held so that the offset is at right 
angles to the direction of the line run, aud being put in 
position by the telescope, the pin or stake is set at the 
extremity of the ofiset, and is therefore in the true line. 

Fig. 18. 



D 





B 



When the instrument is \)to\3l^V, \sl^ \» "^^ ^^^^ *^^^ 
foiwd. its centre is set over tiie «.\»^i^> ^^^ ^^^'^^^ O^^^^^^^ 
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tioD made in precisely the same manner, the staff and the 
centre of the telescope being thus always to one side of tibe 
true line, while the centre of the instrument, and the ex- 
tremity of the offset pin, are directly upon it. 

Thus, in fig. 18, E F represents a portion of the staf^ 
showing the offset pin at its base, and the accompanying 
diagram illustrates the manner of running lines. 

Suppose the instrument set at A, and it is required to 
run the line A B ; the telescope represented at the side of 
the circle will locate the position of the staff at the end of 
the line, just as far to one side, as it is itself to one side of 
the centre of the instrument. 

But the end of the offset pin is now precisely in the true 
line, as shown at the point B, and the result is precisely the 
same as if the telescope was placed over the centre of the 
instrument, and the rod without an offset 

If it is required to set off another line C D at a given 
point C, at any given angle with the line A B, the instru- 
ment is set over C, the rod held with the end of the offset 
towards the line, and the observatioii made in the same 
manner as before. 

To Adjust the Telescope. — ^The line of collimation is 
most conveniently adjusted by the second method given 
in our account of the Vernier Transit, and which we 
will here repeaL The instrument is set up in a position 
commanding a long sight in the same direction, and care- 
fully leveled. 

The plates and socket are then securely clamped, and 
with the telescope and offset staff above described, three 
points, which we wiU term ABC, are located in the same 
direction at distances from the instrument at about one, 
two, and three hundred feet respectively. 

These points, which may be marked by setting a marking 
pin, or dnvjng in a stake, will all be Va \5cLe «msi^ «fet^\i^a\k 



THE SOLAR TELESCOPE COMPASS. 97 

line, however much the wires are out of adjustment, sinoe 
the position of the telescope remains unchanged during the 
whole operatioil. 

The instrument is now moved to B, its centre set carefully 
over it by a plumb ball, again leveled and clamped, and the 
telescope directed to the offset staff set at A or C, and re- 
volved in the opposite direction. 

If the vertical wire strikes the opposite point, the telescope 
is in adjustment, if not, with the screws bring the wire half 
way over the error, and again observe the same points as 
before, when, if the proper correction has been made, the 
wire will bisect the staff at both, and the telescope will be 
in adjustment. 

The screws which centre the eye-piece are shown nearest 
the eye end of the tube, and are used precisely like those of 
the Transit 

The telescope is readily adjusted to the solar apparatus 
as before described, by bringing it to the same side of the 
instrument as that on which the equatorial sights are placed 
in the 4th adjustment, and then the plates being previously 
clamped at 90^, and the arm at 0^ on the declination arc ; 
directing the sights to some well marked and distant object, 
which the vertical wire of the telescope must also be 
made to bisect, by the two butting screws, which press on 
opposite sides of the socket. 

When the adjustment is completed, the screws should be 
brought firmly against the socket to make it permanent. 

SuperiorUy of our Solar Compares. 

The Solar Compass as hitherto made, though planned 
with great ingenuity in it» general arrangement, was still 
extremely rude in its meebanical details and e^^sahsssas^^. 
Some ai ihe^e deCecfai, w\iie\i «re vg^teal <mvwB^fe*i«^a^^ 

r 
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and which must have frequently occurred to the surveyory 
we will now enumerate. 

The motion of the plates over each other was accompanied 
with so much friction^ that in turning the verniers around 
the limb, the whole instrument would often be moved about 
its spindle. 

Again, the verniers must be set, and the sights directed to 
an object by the hand alone, a matter of no Httle difficulty 
when single minutes of a degree were to be set off, and 
accurate observations were required. 

The latitude and decHnation arcs must also be moved by 
hand, and the verniers set to single minutes in the same 
manner. 

The points in which we claim the superiority of our Solar 
Compass over any hitherto manufactured, and by means of 
which the defects just enumerated are entirely removed, 
are partially shown in the various cuts already given, and 
will now be stated in detail. 

1. A motion of the horizontal plates almost entirely free 
from friction, combined with perfect sohdiiy. 

2. A fine clamp and tangent movement to the divided 
limb, as shown in the figures under the plate. 

3. A tangent movement with damp, for the declination 
arc, as shown at k. 

4 A tangent movement with clamp to the latitude arc, as 
shown at/. 

5. A tangent motion for the whole instrument about its 
sockets, as shown in our Adjusting Socket. 

6. The employment of a telescope in place of sights, as in 
our second form of the instrument. 

7. Great facility of adjustment, and, in consequence, an 
important saving of time. 

S, An important reduction in price, whil<& ^tUI fnrniahing 
an article greatly improved. 
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Weight of the Solar Compass. 

The average weights of the different forms of this instru- 
ment which we manufacture are as follows : 

Solar Compass proper, with adjusting socket. . . .12 lbs. 
Solar Telescope Compass, " " .... 12 lbs. 

Advantages of the Solar Compass in Surveying. 

It will readily occur to all who have read the preceding 
description of the Solar Compass, that while it is indis- 
pensable in the surveys of public lands, it also possesses 
important advantages over the magnetic compass, when 
used in the ordinary surveys of farms, &c. 

For not only can lines be run and angles be measured 
without regard to the diurnal variation, or the effect of local 
attraction, but the bearings being taken from the true 
meridian, will remain unchanged for all time. 

The constant uncertainty caused by the variation of the 
needle, and the litigation to which it so often gives rise, 
may thus be entirely prevented by the use of the Solar Com- 
pass in this kind of work. 

It is also said by those familiar with the use of this 
instrument, that, in favorable weather, surveys can be more 
rapidly made with it than with the ordinary needle in- 
strument; there being no time consumed in waiting for 
the needle to. settle, or in avoiding the errors of local 
attraction. 

When the sun is obscured, the lines may be run by the 
needle alone, it being always kept with the sun, or at 
on its arc, and thus indicating the direction of the true 
meridian. 

The sun, however, must ever be regarded as the most 
rehable guide, and should, ii -goss&Afc^Xi^ \aiEJsa. ^ ^^^ss:^ 
slatioiL 
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It is with the design of making the pilnciples and use of 
the Solar Compass intelligible to the ordinary surveyor, that 
we have given a more extended account of this instrument 
than of the others previously mentioned, believing tha 
when its merits become better understood, it will come into 
more general use. 

For much valuable information as to the details of .this 
instrument, as well as the practice of government sur- 
veyors in the field, we are indebted to our friend James 
L. Ingallsbe, late U. S. Deputy Surveyor in Iowa, Kansas 
and Nebraska. 
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Engineers* Instruments. 



THE ENGINEER'S TRANSIT. 

HaTing now described the various instruments employed 
in surveying, we shaU consider those whose use belongs more 
especially to the practice of the civil engineer, and of these 
the first in importance is that termed the Engineer's Transit. 

The engraving will convey a good idea of our latest im- 
proved Engineer's Transit, and to this the reader will please 
refer in the following detailed description of its different parts. 

The Telescope is from eleven to twelve inches long, and 
is of the finest quality. . 

Like those of our other instruments, it is capable of rever- 
sion always at the eye end, and we now most commonly 
make both ends to reverse. 

The rack and pinion movement of the object-glass is 
usually placed, as shown, on the side of the telescope tube, 
though sometimes on the top, as the engineer may prefer. 

Pinion to the Eyb-Glass. — ^We have often adapted to the 
eye-piece of this and our other Transits a rack and pinion 
movement, which is placed on the side of the tube, and is 
very excellent in bringing the cross-wires precisely into focus. 

A spiral adjustment of the eye-piece is also used by ua 
in the telescopes of all our transits, by which, when the 
milled head of the eye-piece is twisted in either direction, 
as may be needed, the eye-piece is brought into focus with 
ease and accuracy. 

The Shade. — A short piece of thin tube called the shade, 
is always made to accompany tina im.^ ^^ ^Y^-^^jv^s^^as^^^vs- 
mmta, and is used to protect tlae o\>\%c\r-^\^'^'e»^^'^*^^^^'^ 
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of the sun, or from moisture ; it must be removed whenever 
the telescope is reversed, unless the telescope is made to 
reverse at the eye-end, as is generally desired. 

The interior construction of the telescope is similar to 
those already described. 

The Standards are made of well-hammered brass, firm and 
strong. 

On one of them will be seen the little movable box with the 
capstan head screw underneath, by which the cross-wires 
are adjusted to trace a vertical line, as described on page 
42 in our account of the Vernier Transit. 

The Limb or divided circle is seVfen inches in diameter, 
graduated to half degrees, and read by two opposite verniers 
to single minutes. 

The Verniers are double, reading both ways from the 
centre, and are placed on the sides of the plate at right 
angles to the telescope. 

The Needle is five inches long, and is raised by a milled 
screw head shown in the cut, placed above the plate. 

The Clamp and Tangent. Screws are also above, so as to bo 
very accessible, and out of the reach of ordinary accidents. 
The clamping of the limb is efiected in the interior, tho 
aperture being covered with a washer to exclude the dust 
and moisture. 

The Levels, as shown in the cut, are above ; they arc 
both adjustable with the ordinary steel pin. 

The glass vials used in the levels of this and the Sur- 
veyor's Transit, are ground on their upper interior surface, 
BO that the bubble moves very evenly and with great sensi 
tiv6ness. 

The Tripod Head of this instrument is made consideral: ( j 
heavier than that of the Surveyor's Transit. 

The upper plate is about five inches diameter, made thick 
and of well hammered brass •, into l\\\a «iXQi acx^^^d tVv^ low^ 
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nuts or sockets for the leveling; screws, and on the upper 
surface is seen the clamp, with the two batting tangent 
screws. 

With these the movement is made very slowly, and much 
more firmly than is possible with a single tangent screw. 

The leveling screws are of bell metal, and have a broad 
three milled head ; they rest on the lower plate, in the little 
cups spoken of in our account of the previous instrument. 

In the engraving it will also be seen that the screws are 
entirely covered above the plate, by little brass caps which 
protect the threads from dust and corrosion. 

The lower plate is a little smaller than the upper, milled 
on the edge, and made to connect by a screw, with the tripod 
legs. 

This tripod head is attached to the sockets of the limb 
and vernier plate, and is removed with them, when the in- 
strument is packed in the box for transportation. 

The loop for the plumb-bob is connected by a screw to the 
spindle of the vernier plate, so that it is always suspended 
from the exact centre of the instrument. 

The AttachmeiHs of the Transit. 

The engraving of the Surveyor's Transit shows the verti- 
cal circle of four and a half inches diameter, which is read 
by a double vernier to minutes, and also the clamp and 
tangent movement to the axis of the telescope. 

These, with the addition of a level on the telescope, are 
oftt.n used with this instrument, though the majority of 
engineers prefer an instrument with " plain telescope," like 
that shown in the engraving. 

Micrometer. 

It is sometimes very convenient in the use of both the 
Transit and Leveling Instrumenti to employ some simplu 
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method of ascertaining the distances of objects without re* 
sorting to actual measurements. 

This is well effected by what is termed a " Micrometer,'' by 
the French called "Stadia,'' the construction and use of 
which we have already given on pages 89 — 91, in our 
account of the Solar Compass. 

The two small screws which adjust the movable wire, are 
placed on opposite sides of the telescope, and to one side of 
the ordinary cross-wire screws, precisely as shown in fig. 17, 
and the wire is moved by alternately loosening one and 
tightening the other, until the two horizontal wires are made 
to cover the interval desired. 

The micrometer wire is furnished, whenever desired, with 
any of our transits, and without additional charge. 

To adjiLiit the Transit. 

The adjustments of this instrument and its attachments 
have been described in our account of those previously 
considered. 

To use the Engineer's Transit. 

But little need be added to what has been already given 
in the previous pages. 

The Needle is of service principally as a rough check 
upon the readings of the verniers in the measurement of 
horizontal angles, any glaring mistake being detected, by 
noticing the angles indicated by both, in the different posi- 
tions of the telescope. 

It may also be used as in the compass, to give the direc- 
tion in which the lines are run, but its employment is only 
subsidiary to the general purposes of the Transit. 

Size of the Engineer's Transit, 
We ifiake two different sizes of this instrument, viz : 
The Five-Inch Transit just described, wliich, exclusive of 
^/fo tripod legs, weighs about 13^ lbs., awd VW 
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Pour-Ikch Traksit, precisely similar in style, but about 
cme-fourth smaller and lighter in all its parts. 

It has a telescope of about ten inches long, a four-inch 
needle, and a diyided limb of six inches diameter. ' 

Weight of the AttachmerUs, 

As it may sometimes be desirable to know the weights of 
the different extras or attachments, often used in this and the 
other Transits previously described, we here add them in 
detail. 

Ground level tube, with vial coniplete. . *l\ oz. 

Vertical circle, with vernier 6 oz. 

Clamp and tangent to axis 4 oz. 

Besides the simple form of the Engineer's Transit, we also 
make important modifications, which may be desired by the 
engineer ; a few of these we shall now enumerate. 

The Watch Telescope. 

A telescope is sometimes attached to a socket, moving in 
a hollow cylinder which surrounds the lengthened socket of 
the limb, and is thus capable of moving around under the 
plates, and of a short vertical motion. 

The cylinder which supports it, may be clamped firmly to 
the limb, and the wires of the telescope thus fixed upon any 
object, by the tangent movement of the tripod head. 

The object of the watch telescope, is to guard against, and 
detect any inaccuracy arising from the disturbance of the 
limb, during the progress of an observation, or the measure- 
ment of angles. 

Thus, if the wires of both telescopes are fixed upon the 
same object, and the watch telescope kept still upon it, while 
the vernier plate is undamped, and the upper telescope 
shifted to the second point, a reference to the watch tele- 
scope will immediately betray any disturbance in the posi 
tion oi the limb. 
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But, in spite of its excellencies in cases where great nicety 
is required, the additional weight and complication of the 
watch telescope, have caused it to be regarded by most 
American engineers as an incumbrance, rather than an ad- 
vantage to the Transit. 

The Theodolite Axis. 

In place of the ordinary axis of the telescope represented 
in our engraving, we sometimes make one resembling the Y 
axis of the English Theodolite. 

This modification is desirable, in cases where this instru- 
ment is intended to subserve the purposes of both level and 
transit. 

In such an arrangement, the telescope is confined in the 
axis with clips, by loosening which, it may be revolved in 
the wyes, or taken out and reversed end for end, precisely 
like that of the leveling instrument. 

The standards also allow its transit, or complete revolu- 
tion in a vertical direction. 

In such aa instrument, the adjustment of the wires, and 
level of the telescope, is effected in the same manner as 
those of the leveling instrument, the tangent movement 
of the axis serving, instead of the leveling screws, to bring 
the bubble and wires into position. 

With this modification of the Transit, we have also fre- 
quently added, that of a small level bar, wyes, &c., into 
which the telescope may be transferred, making thus a 
miniature leveling instrument. 

This may be placed upon the socket and tripod head of 
the transit, and thus made capable of taking levels with a 
good degree of accuracy. ^ 

When desirable, a vertical wheel may be placed on the 
axis of the telescope of this instrument, and thus all the 
properties of the English Theodolite united with those of 
^/jc American Transit 
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THE LEVELING INSTRUMENT. 

Of the different varieties of the leveling instrument, thai 
termed the Y Level, has been almost universally preferre(\ 
by American engineers, on account of the facility of its 
iadjustraent and superior accuracy. 

Of these levels we manufacture four different sizes, having 
telescopes of sixteen, eighteen, twenty, and twenty-two 
inches long, respectively. 

The engraving on the opposite page represents our twenty 
inch Level, that of the sixteen inch telescope will be shown 
beyond. 

We shall consider the several parts of the instrument in 
detail : » 

The Telescope has at each end a ring of bell-metal, turned 
very truly and both of exactly the same diameter ; by these 
it revolves in the wyes, or can be at pleasure clamped in any 
position when the clips of the wyes are brought down upon 
the rings, by pushing in the tapering pins. 

The telescope has a rack and pinion movement to both 
object and eye-glasses, an adjustment for centering the eye- 
piece, shown at A A, in the longitudinal section of the tele- 
scope, (page 105,) and another seen at 0, 0, for ensuring the 
accurate projection of the object-glass, in a straight line. 

Both of these are completely concealed from observation 
and disturbance by a thing ring which slides over them. 

The telescope has also a shade over the object-glass, so 
made, that whilst it may be readily moved on its slide over 
the glass, it cannot be dropped off and lost. 

The shade of our sixteen inch level, is made to take off, 
like that of the Engineer's Transit. 

The interior ^construction of the telescope will be readily 
understood from fig. 21, which represents a longitudinal sec- 
tion, and exhibits the' adjustment which. ^xv%v\xvi,'^ ^5t^si ^^^xs^'^ivss 
projection of the object- glasH «JV\^^. 



THE LEVELIKQ INSTBOMENT 

As tbie is peculiar to our instrumGnts, 
and is always made b; the maker so. per- 
manently as to need no further attentirm 
at the hands of the engineer, we ahall here 
describe the means by which it is efiecled, 
somewhat in detail. 

The necessity for snch anadjastment will 
appear, when we state, that it is almost 
impossible to make a telescope tube, so 
that it shall be perfectly straight on its 
interior.surface. 

Such being the ease, it is evident that 
the object-glass slide which is fitted to 
this surface, and moves in it, must partake 
of its irregularity, so that the glass and 
D the line of collimation depending upon it, 
though adjusted in one position of the slide 
will be thrown out when the slide is 
moved to a different point. 

To prove this, let any level be selected 
which is constructed in the usual manner, 
'^ and the line of collimation adjusted upon , . 
an object taken as near as the range of 
the slide will allow; then let another be" 
selected, as distant as may be clearly seen ; 
upon this revolve the wires, and they will 
\ almost invariably be found out of adjust- 
ment, sometimes to an amount fatal to any 
confidence in the accuracy of the instru- 
ment. Tlie arrangement adopted by us to 
correct this imperfection, and which so 
perfectly accomplishes its purpose, is 
shoWn in the adjoining cut, fig. 21. 

Here are seen l\\e tw« \ieM\T\%% wl ft* 
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ol)ject-glas8 slide, one being in the narrow bell-metal ring, 
which slightly contracts the diameter of the main tube, the 
other in the small adjustable ring, also of bell-metal, shown 
at C, and suspended by four screws in the middle of the 
telescope. 

Advantage is here taken of the fact, that the rays of 
light are converged by the object-glass, so that none are 
obstructed by the contraction of the slide, except those 
which diverge, and which ought always to be intercepted, and 
absorbed in the blackened surface of the interior of the slide. 

Now, in such a telescope, the gierfection of movement of 
the slide, depehds entirely upon its exterior surfaces, at the 
points of the two bearings. 

These surfaces are easily and accurately turned, concentric, 
and parallel with each other, and being fitted to the rings, it 
only remains necessary to adjust the position of the smaller 
ring, so that its centre will coincide with that of the optical 
axis of the object-glass. 

When this has been once well done, no further correction 
will be necessary, unless the telescope should bt seriously 
injured. 

The manner in which the adjustment of the object-glass 
slide is effected, will be considered when we come to speak 
of the other adjustments. 

Rack and Pinion. — As seen in the engraving, our Level 
telescopes are usually furnished with the ordinary rack and 
pinion movement to both object and eye tubes. 

The advantages of an eye-piece pinion, are, that the eye- 
piece can be shifted without danger of disturbing the tele- 
scope, and that the wires are more certainly brought into 
difjtinct view, so as to avoid effectually any error of observa- 
tion, arising from what is termed the instrumental parallax. 

The position of the pinion on the tube ia -^wsa^ >kv^^j&^- 
forent inatrumenta according \X> )iJ[i^ dsmc.^ ^"i *^^ ^ea.'^gcaRjs^' 
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We usually place our object slide pinion on the Bide- 
both of Transit telescopes, and of those of the Level. The 
pillion of the eye tube is always placed on the side of the tele* 
scope. 

The Level or ground bubble tube is attached to the under 
Bide of the telescope, and furnished at the different ends 
with the usual movements, in both horizontal and vertical 
directions. 

The aperture of the tube, through which the glass vial 
appears, is about five and one-fourth inches long, being 
crossed at the centre by a small rib or bridge, which greatly 
strengthens the tube. 

The level scale which extends over the whole length, is 
graduated into spaces a little coarser than tenths of an inch, 
and figured at every fifth division, counting from zero at the 
centre of the bridge ; the scale is set close to the glass. 

The bubble vial is made of thick glass tube, selected so 
as to have an even bore from end to end, and finely ground 
on its upper interior surface, that the run of the air bubble 
may be uniform throughout its whole range. 

The sensitiveness of a ground level, is determined best by 
an instrument called a level tester, having at one end two 
Y's to hold the tube, and at the other a micrometer wheel 
divided into hundredths, and attached to the top of a fine 
threaded screw which raises the end of the tester very 
gradually. 

The number of divisions passed over on the perimeter of 
the wheel, in carrying the bubble over a tenth of the scale, 
is the index of the delicacy of the level. In the tester which 
we use, a movement of the wheel ten divisions to one of the 
BCiile, indicates the degree of delicacy generally preferred 
for railroad engineering. 

For canal work practice, a more sensitive bubble is often 
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desired, as for instance, one of seven or eight divisions of 
the wheel, to one of the scale. 

The Wyes of our levels are made large and strong, of 
the best bell-metal, and each have two nuts, both being 
adjustable with the ordinary steel pin. 

The clips are brought down on the rings of the telescope 
tube by the Y pins, which are made tapering, so as to clainp 
the rings very firmly. 

The Level Bar is made round, of well hammered brass, 
and shaped, so as to possess the greatest strength in the 
parts most subject to sudden strains. 

Connected with the level bar is the head of the tripod socket. 

The Teipod Socket is compound; the interior spindle, upon 
which the whole instrument is supported, is made of steel, 
and nicely ground, so as to turn evenly and firmly in a hol- 
low cylinder of bell-metal ; this again, has its exterior sur- 
face fitted and ground to the main socket of the tripod head. 

The bronze cylinder is held upon the spindle by a washer 
and screw, the head of this having a hole in its centre, 
through which the string of the plumb bob is passed. 

The upper part of the instrument, with the socket, may 
thus be detached from the tripod head ; and this, also, as in 
the case of all our instruments, can be unscrewed from the 
legs, so that both may be conveniently packed in the box. 

A little under the upper parallel plate of the tripod head, 
and in the main socket, is a screw which can be moved into 
a corresponding crease, turned on the outside of the hollow 
cylinder, and thus made to hold the instrument in the tripod, 
when it is carried upon the shoulders. 

It will be seen from the engraving, that the arrangement 
just described allows long sockets, and yet brings the whole 
instrument down as closely as possible to the tripod head, 
both objects of great importance in the conatructv^^:^ ^^ "sass^ 
instruinent. 
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The Tbipod Head has the some plates and leveling screws 
as that described in the account of the Engineer's Transit ; 
the tangent screw, however, is commonly single. 

For our sixteen inch level we make a similar tripod head, 
resembling that used with the hghter Engineer's Transit 

The Adjustments, 

Having now completed the description of the different 
parts of the Leveling Instrument, we are ready to proceed 
with their adjustments, and shall begin with that of the 
object-slide, which, although always made by the maker, so 
permanently as to need no further attention at the hands of 
the engineer, unless in cases of derangement by accident, is 
yet peculiar to our instruments, and therefore not &miliar 
to many engineers. 

To Adjust the Object Slide. — The maker selects an 
object as distant as may be distinctly observed, and upon 
it adjusts the line of coUimation, in the manner here* 
after described, making the centre of the wires to revolve 
without passing either above or below the point or line 
assumed. 

In this position, the slide will be drawn in nearly as far 
as the telescope tube will allow. 

He then, with the pinion head, moves out the slide until 
an object, distant about ten or fifteen feet, is brought -clearly 
into view ; again revolving the telescope in the Y's, he 
observes whether the wires will reverse upon this second 
object. 

Should this happen to be the case, he will assume, that 
as the line of collimation is in adjustment for these two 
distances, it will be so for all intermediate ones, since the 
bearings of the slide are supposed to be true, and their 
planes parallel with each other. 
14 however, aa ib most probable, eiftiex ox "Viom^wa^^^a^ 
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to reverse upon the second point, he mnst then, by estima- 
tion, remove half the error by the screws C C, (fig. 21,) at 
right angles to the hair sought to be corrected, remember- 
ing, at the same time, that on account of the inversion of 
the eye-piece, ho must move the slide in the direction 
which apparently increases the error. When both wires 
have thus been treated in succession, the line of collimation 
is adjusted on the near object, and the telescope again 
brought upon the most distant point; here the tube is 
again revolved, the reversion of the wires upon the object 
once more tested, and the correction, if necessary, made in 
precisely the same manner. 

He proceeds thus, until the wires will reverse upon both 
objects in succession ; the line of collimation will then be 
in adjustment at these and all intermediate points, and by 
brioging the screw heads, in the course of the operation, to 
a firm beaiing upon the washers beneath them, the ad- 
justable ring will be fastened so as for many years to need 
no further adjustment. 

When this has been completed, the thin brass ferule is 
slipped over the outside ring, concealing the screw heads, 
and avoiding the danger of their disturbance by an inexpe- 
rienced operator. 

In effecting this adjustment, it is always best to bring the 
wires into the centre of the field of view, by moving the 
liiUe screws A A (fig. 21) worldng in the ring which 
embraces the eye-piece tube. 

Should the engineer desire to make this adjustment, it 
will be necessary to remove the bubble tube, in order that 
the small screw immediately above its scale may be operated 
upon with the screw-driver. 

The adjustment we have now given is preparatory to 
those which follow, and are comxaon. ^ ^\<s^^»isKss^\si!^s:»r- 
ments of recent construction, anfli «si^ ^>(Xi^^^ ^^^^gsiSiKt 

8 
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« 

^11 have to do with in using our own instramenis. What 
is still necessary then is — 

1. To adjust the line of coUimaiion^ or in other words, to 
bring both wires into the optical axis, so that their point of 
intersection will remain 0a any given point, during an entire 
revolution of the telescope. 

2. To bring the level bMle parallel with the bemngs of the 
Y ringSj^and with the longitudinal axis of the telescope. 

3. To adjust the myes, or to bring the bubble into ft 
position at right angles to the vertical axis of the instru- 
ment. 

To Adjust the Line op Collimation, set the tripod firmly, 
remove the Y pins from the clips, so as to allow the tele- 
scope to turn freely, clamp the instrument to the tiipod 
head, and, by the leveling and tangent screws, bring eithor 
of the wires upon a clearly marked edge of some object, 
distant from one to five hundred feet. 

Then with the ^ hand carefully turn the telescope half 
way around, so that the same wire is compared with the 
object assumed. 

Should it be found above or below, bring it half way back 
by moving the capstan head screws at right angles to it, 
remembering always the inverting property of the eye-piece ; 
now bring the wire again upon the object, and repeat the 
first operation until it will reverse correctly. 

Proceed in the same manner with the other wire until the 
adjustment is completed. 

Should both wires be much out, it will be well to bring 
them nearly correct before either is entirely adjusted. 

When this is effected, slip off the covering of the eye- 
piece centering screws, shown in the sectional view (fig. 21) 
at A A, and move each pair in succession with a small screw- 
driver, until the wires are brought into the centre of the 
jffeJd of view. 
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The inyersion of the eye-piece does not affect this opera- 
tion, and the screws are moved direct. 

To test the correctness of the centering, revolve the tele- 
scope, .and observe whether it appears to shift the position 
of an object. 

Should any movement be perceived, the centering is not 
perfectly effected. 

It may here be repeated, that in all telescopes the position 
and adjustment of the line of coUimation depends upon 
i^at of the object-glass ; and, therefore, that the movement 
of the eye-piece does not effect the adjustment of the wires 
in any respect. 

When the centering has been once effected it remains per- 
manent, the cover being slipped over to conceal and protect 
it from derangement at the hands of the curious or inexpe- 
rienced operator. 

To Adjust the Level Bubble. — Clamp the instrument 
over either pair of leveling screws, and bring the bubble 
into the centre of the tube. 

Now turn the telescope in the wyes, so as to bring the 
level tube on either side of the centre of the bar. Should 
the bubble run to the end it would show that the vertical 
plane, passing through the centre of the bubble, was not . 
parallel to that drawn through the axis of the telescope 
rings. 

To rectify the error, bring it by estimation half way back, 
with the capstan head screws, which are set in either side 
of the level holder, placed usually at the object end of the 
tube. 

Again bring the level tube over the centre of the bar, and 
adjust the bubble in the centre, turn the level to either side, 
and, if necessary, repeat the correction Until the bubble will 
keep its position, when the tvibe \% \»\3aYL'&^\ksisl ^ssslSsl^^. ^st 
more, to eithev side of thie centxe ol\JtL^\i«t. 
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The necessity for this operation arises from the f&ct, that 
\7hen the telescope is reversed end for end in the wyes in 
the other and principal adjustment of the babble, we are 
not certain of placing the level tube in the same vertical 
plane; and, therefore, it woiild be almost impossible to 
effect the adjustment without a lateral correction. 

Having now, in great measure, removed the preparatory 
difficulties, we proceed to make the level tube parallel with 
the bearings of the Y rings. 

To do this, bring the bubble into the centre with the 
leveling screws, and then, without jarring the instrument, 
take the telescope out of the wyes and reverse it end for 
end Should the bubble run to either end, lower that end, 
or what is equivalent, raise the other by turning the small 
adjusting nuts, on one end of the level, until by estima- 
tion half the correction is made ; again bring the bubble 
into the centre and repeat the whole operation, until the 
reversion can be made without causing any change in 
the bubble. 

It would be well to test the lateral adjustment, and make 
such correction as may be necessary in that, before the 
horizontal adjustment is entirely completed. 

To Adjust the Wyes. — Having effected the previous ad- 
justments, it remains now to describe that of the wyes, or, 
more precisely, that which brings the level into a position 
at right angles to the vertical axis, so that the bubble will ' 
remain in the centre during an entire revolution of the 
instrument 

To do this, bring the level tube directly over the centre 

of the bar, and clamp the telescope firmly in the wyes, 

placing it as before, over two of the leveling screws, un- 

clamp the socket, level the bubble, and turn the instrument 

half way around, ao that the level bar moj oecvvig^ tha eame 

position with respect to the leveling BCxeN?a\i«xi^^^» 
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Should the bubble ran to either end, bring it half way 
back by the T nuts on either end of the bar ; now move the 
telescope over the other set of leveling screws, bripg the 
bubble again into the centre, and proceed precisely as above 
described, changing to each pair of screws, successively, 
until the adjustment is very nearly perfected, when it may 
be completed over a single pair. 

The object of this approximate adjustment, is to bring the 
upper parallel plate of the tripod head into a position as 
nearly horizontal as possible, in order that no essential 
error may arise, in case the level, when reversed, is nob 
brought precisely to itgi former situation. When the level 
has been thus completely adjusted, if the instrument is 
properly made, and the sockets well fitted to each other ' 
and the tripod head, the bubble will reverse over each pair 
of screws in any position. 

Should the engineer be unable to make it perform cor- 
rectly, he should examine the outside socket carefully to 
see that it sets securely in the main socket, and also 
notice that the damp does not bear upon the ring which 
it encircles. 

When these are correct, and the error is still manifested, 
it wiU, probably, be in the imperfection of the interior 
spindle. 

After the adjustments of the level have been effected, and 
the bubble remains in the centre, in any position of the 
socket, the engineer should carefully turn the telescope in 
the wyes, and sighting upon the end of the level, which has 
the horizontal adjustm'ents along each side of the wye, make 
the tube as nearly vertical as possible. 

When this has been secured, he may observe, through 
the telescope, the veiiical edge of a building, noticing li 
the vertical hair is parallel to iV.*, li xioV^Vek ^<3"Q^^a«^ssa^ 
two of the crosswire Bcxe^iYB at t\^\»«ii^^'^'*w5 ^^^^^^^ ws^^*^ 
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and with the hand on these, torn the ring inside, until 
the hair is made vertical; the line of coUimation must 
then l^e corrected again, and the adjustments of the level 
will be complete. 

To use the Level. 

When using the instrument, the legs must be set firmly 
into the ground, and neither the hands nor person of the 
operator be allowed to touch them ; the bubble should then 
be brought over each pair of leveling screws successively, 
and leveled in each position, any correction being made in 
the adjustments that may appear necessary. 

Care should be taken to bring the wires precisely in 
focus, and the object distinctly in view, so that all errors of 
parallax may be avoided. 

This error is seen when the eye of an observer is moved 
to either side of the centre of the eye-piece of a telescope, 
in which the foci of the object and eye-glasses are not 
brought precisely upon the cross-wires and object ; in such 
a case the wires will appear to move over the surface, and 
the observation will be liable to inaccuracy. 

In all instances the wires and object should be brought 
into view so perfectly, that the spider lines will appear to 
be fastened to the surface, and will remain in that position 
however the eye is moved. 

If the socket of the instrument becomes so firmly set in 
the tripod head as to be difficult of removal in the ordinary 
way, the engineer should place the palm of his hand under 
the wye nuts at each end of the bar, and give a sudden 
upward shock to the bar, taking care also to hold his hands 
6o as to grasp it the moment it is free. 
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Weight o} L&celing Instruments, 
The average weights of the different sizes ot this instm- 
ment, exclusive of the tripod legs, are as foUows : 

16-inch telescope • 11^ lbs. 

18-inoh do 12 do. 

2(>-inch do 12^ do. 

22-iach do 13 do. 



THE BUILDEE'S LEVEH 

This instmment, shown in the engraving, is of much 
more simple and compact oonstraction thc^n those already 
described. 

It has a telescope of from eleven to twelve inches long, 
provided with the nsual facilities for adjustment, resting 
upon the ends of the bar by two similar faces of the octagonal 
shaped prisms, which surround the tube at either end. 

The telescope is held on the bar by a stout screw at each 
end ; the heads of these screws are shown on the under side 
of the bar, and are bored to admit the usual adjusting pin. 

A strong spiral spring is placed in a recess in the upper 
side of each end of the bar, and serves, in connection with 
the screws, to effect the third adjustment of the Level. 

These springs are of course removed while the other 
adjustments are in progress, and the telescope allowed to 
rest directly upon the bar. 

The level is placed above the telescope, and adjustable at 
either end by two nuts, as shown. 

The instrument is best used upon the adjusting tripod, 
as represented, but may also be placed upon a simple ball 
spindle, and used in connection with the leveling socket, 
shown in our account of the Solar GoT£r^^ya!8»» 

The adjustments of this instrumexiX. «iXek \DL\i»^^ ^Si^^^^ ^esassss^ 
order, and almost precisely in tiie s«ime^ca»»^^^^^^^'^^'^^ 
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the Engineers* Level, described on pages 114-118, and need 
bnt. a brief description. 

To adjust the line of coUimation, it is necessary £rst to 
remove the level and the small nuts which attach it to the 
screw wires or stems fixed in the top of the prisms ; then 
the telescope can be detached from the bar by taking out 
the capstan head screws, shown on the under side of the 
bar, and also the steel springs on the upper side. 

(1.) The line of cqllimation is then adjusted like that of 
the ordinary Y level, by making the cross wires to reverse 
upon any given point when the telescope is turned half wajr 
around, so as to rest upon the bar by the opposite faces of 
the prisms. 

(2.) The Level is adjusted by turning the telescope end 
for end upon the bar, the bubble being made to come to the 
centre in both positions. 

(3.) The bubble is brought into a position at right angles 
to the vertical axis (the adjustment of the wyes in ordinary 
levels), by releasing or compressing the springs at the ends 
of the bar, so that the bubble will come into the centre, as 
the instrument is turned upon its spindle, over both pairs 
of leveling screws in succession. 

The weight of this level, with adjusting tripod, excluding 
the tripod legs, is less than four pounds. 



THE AMERICAN DUMPY, OR BUILDER'S LEVEL. 

FIFTEEN-INGH TELESCOPE. 

We have frequently been desired to famish a level 
simpler and cheaper in. construction than the usual Y Level, 
and yet capable of doing accurate work, and with superior 
telescope, &e. 
We bare, theretore, introduced oumerw'Bvx^^et^^'XjK^^^ 
having a telescope as powerfoi ob ttiat oi VSaa «^^\ftei\.-vsi^ 
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Y Level, and made larger and more substantial than the 
instroment before described. 

Our fifteen-inch Level has, we believe, all the advantages of 
compactness and portability of the English dumpy level — and, 
besides, the facihty of adjustment of the American Y Level. 

The adjustments of this instrument are the same as those 
of the instrument just before described, and it is used pre- 
cisely like the Y LeveL 



LEVELING KODS. 

The two kinds most generally used by American engineers, 
are both sHding rods, divided into hundredths of a foot, and 
reading by venders to thousandths. 

Boston Bod. 

That known as the Boston or Yankee Bod, is formed of 
two pieces of light bay wood or mahogany, each about six 
and a half feet long, connected together by a tongue, and 
sliding easily by each other, in both directions. 

One side is furnished with a clamp screw and vernier at 
each end, the other carries the divisions, marked on strips 
of satin wood, inlaid on either side. 

The target is a rectangle of wood, fastened near one end 
of the divided side, and having its horizontal line just 
three-tenths from the extremity. 

The target being fixed, when any height is taken above 
six feet, the rod is changed end for end, and the divisions 
read by the other vernier ; the height t6 which the rod c^ 
be extended being a little over eleven feet. 

This kind of rod is very convenient from its great light- 
ness, but the parts are made too frail to endure the rough 
usage of this country, and, therefore^ AiSLedssajsi. ^esckj^ssftjasx?^ 
have generally given the preiexeiice\» ^sio^^x^^s^a^s^'^^^^?'^^^'' 
and more substantiaL 
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2Tw New York Rod. 

This rod, which is shown ia the engraving, 
as out is two, so thkt the ends may be exhi- 
l»ted, is made of aatin wood, ia two pieces 
like the former, but aliding one from the other, 
the same end being always held on the ground, 
and the graduations starting from that point. 

The graduati9ns are made to tenths and hun- 
dredths of a foot, the tenth fignrea being black, 
and the feet marked with a large red figure. 

The front surface, on which the target 
moves, reads to six and a half feet; when a 
greater height ia required, the horizontal line 
of the target ia fixed at that point, and the 
upper half of the rod, carrying the target, ia 
moved out of the lower, the reading being now 
obtained by a vernier on the graduated side, 
up to an elevation of twelve feet. 

■The mountings of this rod are differently 
made by different manufacturers. We shall 
give th<^e whioh we have adopted. 

The target is round, made of thick brass, 
having, to strengthen it atill more, a rib raised 
on the edge, which also proteota the paint 
from being defaced. 

The target moves easily on the rod, being 
kept in any position by the friction of the two 
flat plates of brass whioh are pressed against 
twcr alternative sides, by small spiral springs, 
working in little thimbles attached to the band 
which surrounds the rod. 

There is also a clamp screw on the back, by 
which it may be securely fastened to any part 
of the rod. 
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THE miner's compass. 

*^ face of the target is divided into quadrants, by hori* 
41 and yertical diameters, which are also the boundaries 
ie alternate colors with which it is painted. , 
te colors usually preferred are white and red : some- 
white and black. 
16 opening in the face of the target is a little more than 
ith of a foot long, so that in any position a tenth, or a 
figure, can be seen on the surface of the rod. 
LC right edge of the opening is chamfered, and divided 
ten equal spaces, corresponding with nine hundredths 
the rod; the divisions start from the horizontal line 
separates the colors ef the face. 
The vernier, like that on the other side of the rod, reads 
iiiousandths of a foot. 

The clamp, which is screwed fast to the lower end of the 
3r sliding piece, has a movable part which can be 
flight by the clamp screw firmly against the front surface 
Cif the lower half of the rod, and thus the two parts 
immovably fastened to each other without marring the 
divided face of the rod. 



THE MINEE'S COMPASS. 

This instrument, shown in the engraving, consists essen- 
tially of a magnetic needle so suspended as to move readily 
in a vertical direction, the angle of inclination, or "dip,'* 
being measured upon the divided rim of a small compass 
box. 

When in use, the ring or bail is held in the handi— the 
compass box by its own weight takes a vertical position — 
and should also be in the plane of the magnetic meridian. 

In this position the needle, when unaffected by the 
aUra(Udon of iron, assumes a horizontal line, as shown by 
i4a zeros of the circle. When \)xo\)l'^\» o^^ ^30:5 mass of 
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tron it dips, and thns detects tbe presence of iron orea'Vtli 
certaiaty. 

If th^ compaas box is held horizontoDy, it serves aB'^n 
ordintuy pocket compass. Tbe box of the Miner's Compiii^. 
is often made of brassj with a cover of tbe same material. 
The best form, however, we bebeve to be that shown in the 
engravini;, baving its two aides of glass, and provided also 
with a stop for the needle, worked by tbe Httle brass knob, 
there shown. 

This Compass is packed in a small mahogany case, and 
used as above described, the observer standing with hie face 
to the west, and holding the compass box suspended in the 
plane of the magnetic meridian. 



THE POCKET COMPASS. 
Fig. 2«. 

4' 




This little instmment, shown with jacob-ataff socket in 
fig. 2G, though not used in oxtensiye surveys like the larg.T 
compassea we have described, ia found very convenient iu 
making explorationa, or in retracing the lines of govem- 
ineni Barveya, as in locating land warrants, &c. 
Tbe sights are made with a aVote mi3. a.^ifiiiT, oti o^^oaJw, 
ndes; tbey also have joints neax Qie >iBae, aa aa Ho ^.Ai wtst 
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each other above the glass, when the compass is packed in 
its case. 

The circle is graduated to degrees, and figured from to 
90 each way, as in larger instruments. 

The needle is suspended upon a jeweled centre, and is 
raised by the lifter shown in the cut. 

The Jacob-staff socket is often used with the compass, 
being screwed to the under side, and detached at pleasure. 

The mountings are all that are furnished, the staff itseli 
being easily made out of a' common walking-stick. 

We make two sizes of the Pocket Compass, differing 
mainly in the needle, which in one is two and a half, in the 
other three and a half inches long. 

The larger size is also sometimes provided with two small 
levels, let into the face of the compass ; these are not shown 
in the cut. 



VERNIER POCKET COMPASS. 

This instrument, shown in the engraving, has also a 
three and a half inch needle, and is furnished with a vernier 
outside, reading to five minutes, by which the sights can be 
placed at any desired angle with the line of zeros, so as to 
set off the variation of the needle, as with the Vernier 
Compass. 

The compass is furnished with jacob-staff mountings; 
sometimes, if desired, with a very light tripod, as shown in 
the engraving ; has two levels, and is neatly packed in a 
mahogany case. 

It makes a most excellent and portable little instrument 
in locations, and is especially useful for the surveyor of 
government lands. 



126 TRIPOM. 






General Matters. 



TRIPODS. 

In the tripods of all our instruments, the upper part of the 
leg, is flattened, and fitted closely in the surfaces of the 
brass cheek pieces. 

The cheeks are made very broad, and give a firm hold 
upon the leg, which may be tightened at any time by screw- 
ing up the bolts which pass through the top of the legs ; 
•this is especially necessary after the surface of the wood 
has been much worn. 

The legs are round, and taper in each direction from a 
swell, turned about pne-third the way down, from the head 
to the point. 

The point, or shoe, is a tapering brass ferule, having an 
iron end ; it is cemented, and riveted firmly to the wood. 

The legs of all our tripods are about four feet eight^inches 
long, from head to point. We make three sizes of tripods, 
which we will now separately describe. 

1. The Compass Tripod, seen in part in the cut of the 
vernier transit, and having the brass plate to which the 
cheeks are attached, three and three-fourth inches in diameter, 
and legs which are about one inch at the top, one and three- 
eighths at the swell, and seven-eighths at the bottom. 

The legs are usually made of cherry, sometimes of maho- 
gany, and the tripod is used with the various kinds of com- 
passes, and with the vernier transit. 

2. The Medium Sized Tripod, shown with the surveyor's 
transit, and having a plate of same diameter as above, but 
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\vith the checks made considerably broader, by curving at 
each end ; the legs being also about an eighth of an inch 
larger throughout. 

This tripod has mahogany legs, and is used with the 
surveyor's transit, the light engineer's transit, and the six- 
teen inch level. 

3. The Heavy Tripod, shown with the engineer's transit, 
having a brass plate of four and one-fourth inches diameter, 
with extended cheek pieces, and with legs one and three- 
eighths of an inch at the top, one and three-fourths at the 
swell, and one and an eighth at the point. 

The heavy size has also mahogany legs, and is used with 
the engineer's transit, and larger leveling instruments. 

Lacquering, 

All instruments are covered with a thin varnish, made by 
dissolving gum shellac in alcohol, and applied when the 
work is heated. 

As long as this varnish remains, the brass surface will be 
kept from tarnishing, and the engineer, by taking care not 
to rub his instrument with a dusty cloth, or to expose it 
to the friction of his clothes, can preserve its original Iresh- 
ness fof a long time. 

Bronze Finish. 

Instead of the ordinary brass finish, some engineers prefer 
instruments blackened or bronzed. This is done with au 
acid preparation, after the work has been polished, and gives 
the instrument a very showy appearance, besides being 
thought advantageous on account of not reflecting the rays 
of the sun as much as the ordinary finish. 

When well lacquered, the bronzing will last a considerable 
time, but as soon as it becomes a little worn the appearance 
of the instruffent is much worse than one finished \\:^ -^Jc^*^ 
usual style. 
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CHAINS. 
Surveyors' Chains. ^ 

Four Pole Chains.— The ordinary surveyor's chain ifi 
sixty-six feet, or four poles long, composed of one hun- 
dred links, each connected to the other by two rings, and 
famished with tally marks at the end of every ten links. 

In all the chains we manufacture, the rings are oval, are 
sawed, and well closed, the ends of the wire forming the hook 
beiug also filed and bent close to the link, so as to avoid the 
danger of " kinking." 

A link in measurement includes a ring at each end. 

The handles are of brass, and each forms part of the end 
links, to which it is connected by a nut, by which also the 
length of the chain is adjusted. 

The tallies are also of brass, and have one, two, three, or 
four, notches, as they are ten, twenty, thirty, or forty, liuks, 
from either end ; the fiftieth link is rounded, so as to dis- 
tinguish it from the others. 

Two Pole Chains. — In place of the four pole chain just 
described, many surveyors prefer one of two rods or thirty- 
three feet long, having but fifty links, and counted by its 
tallies from one end in a single direction. 

Snap for Altering Chains. — We often make four pole 
chains so arranged, that by detaching a steel snap in the 
middle, the two parts can be separated, and then one of the 
handles being removed in the same manner, and transferred 
to the forty-ninth link, a two pole chain is readily obtained. 
This modification is made whenever desired, and without any 
additional charge. 
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Sizes op Wire. — Our surveyors' chains are made of the 
best refined iron wire, of sizes No. 8 or 10, as may be pre« 
fcrred ; the diameter of No. 10 wire being about one- 
eighth of an inch, and that of No. 8 wire nearly a sixteenth 
larger. 

Engineer^ Chains 

Differ from the preceding, in that the links are each 12 
inches long ; the wire, also, is usually much stronger. 

They are either fifty or one hundred feet long, and are 
furnished with handles, tallies, &c., and sometimes with a 
swivel in the middle to avoid being twisted in use. 

In place of the round rings commonly made, we have 
substituted in these, and our other chains, rings of an oval 
form, and find them almost one-third stronger, though made 
of the same kind of wire. 

Sizes of Wire. — ^The wire used for these chains is com- 
monly of No. 5 or 6 ; the first being nearly one-fourth of an 
inch in diameter, while No. 6 wire is about one-sixteenth 
smaller. 

The wire is of the first quality, and the whole chain is 
made in the most accurate and substantial manner. 

Steel Chains. 

Chains made of steel wire, though more costly than those 
which we have just described, are yet often preferred on 
account of their greater lightness and strength. 

They are made of any desired size or length, generally 
of No. 10, rarely of No. 8 wire, and are very stiff and 
strong. 

Brazed Steel Chains. — ^A very portable and excellent 
•neasure is made, by a light steel chain, each link and ring 
of which is securely brazed, after being united \jci^<5i\3wK\. ^aas^ 
tested the wire is also tempered. 

9 
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The wire generally used by us is of size No. 12, the rings 
are of oval form, the chaiii, though exceedingly light, is 
almost incapable of being either broken or stretched. 

Our steel brazed chains have been found exceedingly 
desirable for all kinds of measurement, and for the use of 
engineers upon railroads and canals have almost entirely 
superseded the heavier chains. 

QrummmCs Patent Chains. 

These chains, inveniied and patented by J. M. Grumman, 
of Brooklyn, N. T., are made of very light steel wire, the 
links being finely tempered, and, as shown in the illustration, 

9V _ « 
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so formed at the ends as to fold together readily, and thus 
dispense with the use of rings. 

This construction gives only one-third as many wearing 
points as the ordinary chain, and affords the utmost &u;ility 
for repairs, from five to ten extra links being furnished with 
each chain, which have only to be sprung into place to replace 
such as may have been broken ; it can also be taken apart 
at any link, and, by having a spring-catch on either handle^ 
be made of any length desired. These chains are made of 
three different sizes of wire — the first two, termed drag-chains, 
being of size No. 12 and 15, and used for measuring on the 
surface, like the ordinary chain ; and the second, called the 
** suspended chain," for very accurate measurements, made 
of No. 18 wire, and with spring-balaiic^, ^«tmom«\«t «cA 
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Bpirifc level attacbments, to be held above the surface when in 
use, the extremities of the chain being marked upon the 
ground by the points of plummets let fall from the ends of 
the chain. 

The drag-chains £tre all that are needed in common land 
surveys ; for a mixed practice of village and country survey- 
ing, the spring-balance should be attached to the drag- 
chains, while for city surveying the suspended chain, with 
aU its^ attachments, is the proper instrument. 

A more complete description of these chains, and of chain 
measurements in general, vmtten by the inventor, will be 
sent by us to any one applying for the same. 

We have purchased the patent for the Grumman chains, 
with the entire right to make and sell them, and shall here- 
after be able to furnish them promptly. 

Marking Pins. 

In chaining, there are needed ten marking pins, or chain 
stakes, made either of iron, steel, or brass wire, as may be 
preferred, about fourteen inches long, pointed at one end to 
enter the ground, and formed into a nng at the other, for 
convenience in handling. 

They are sometimes loaded with a little mass of lead 
around the lower end, so as to answer as a plumb when 
dropped to the ground, from the suspended end of the 
chain. 

To itse the Chain. 

In using the chain its length must be taken from its 
extreme ends, and the pins placed on the outside of the 
handles; it must be drawn straight and taut, and care- 
fully examined to detect any kinks or other causes of 
inaccuracy. 

Our cbaina are aU careiuWj lft«»\«i<^. ^V ^-s«r^ *^*sg.^ '^isciRr 
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times at every link, and in their whole length by the U. S. 
standard, and when new may always be relied upon as 
correct "" 

But as all will alter, more or less, after long use in th^ 
field, it will be best for the surveyor lo carefully lay down 
on a level surface the exact length of the chain when yet 
new, marking also its extreme ends by monuments which 
will not be liable to disturbance. 

He will thus have a standard . measure of his own to 
which the chain can be adjusted from time to time, and 
again be used with perfect confidence. 



TAPE MEASUEES. 

The best are Chesterman's steel tapes, made of a thin 
ribbon of steel, which is jointed at intervals, and wound up 
in a leathern case, having a folding handle. 

These tapes are of all lengths, from thirty-three to one 
hundred feet, divided into inches and links, or more usually, 
tenths of a foot, and links, the figures and graduations beiog 
raised on the surface of the steel. 

The great cost of the steel tape has always prevented its 
general use, and the metallic tape of the same manufacturer 
is the only one commonly employed in American engineering. 

These are of linen, and have also fine brass wires inter- 
woven through their whole length. 

They are thus measurably correct, even when wet. 

They are mounted like the steel tapes, of like lengths^ 
and similarly graduated. 



SWlSa. mSTBUMENTS. 



Supplement to Manual. 



DRAWING INSTBUMENTS. 

To guide the suryeyor and engineer is the Belection of 

Drawing Instraments, we here odd a detailed deacriptio'.i, 

with illustrations and prices of the separate pietJea, and 

cases of the different binds in general use. 

Those we shall first mention Eire of Swiss manu&cture, 
and are of the finest quality aiid finish. 

The Brass Instruments ore ased in Schools and elementary 
practice. 

The fine German Silver Instruments are of the best 
German make, intended for Engineers, Architects, and 
Machinists : 

Swwa Dravnng Inslrumenis. 
or GEBiuN BmvKS, BzTa& v 
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Figure No. Prieo. 

1 i. Drawing rotupaas, joints in legs, ft j to r inchei long, with iKn, 

pencil -bolder, needle-point, l«ng(tentng bsT and dot. pen.... (s 00 
I B. Droning Compass, 6 inohes long, with pen, pencil -bolder, 

lengthening bar and needle point 7 00 

S. Hair Spring Divideri, t-B inch 2 50 

S PUin Divideri, 4i inch 1 CO 

3. Plain Dividers, 5-8 ineb S £5 

I. Hair DIvidsre, f j iooli 2 26 




with pen, penoil-holdar, and n 



. 9 50 
, 10 50 
. 15 50 
. 17 50 



'. Triangular Compass.- 

UngPen 

U. Ro»d Pea, 



SYHeti INSTRDMSN'TS. IdO 

FIgnn No. Trite. 

13. Posliet Divtdera 1^ «! bO 

13. WhgleaDdHalf Dlridera S S5 

14 A. Cnitsrsitl Compus, with points to ihift 7 00 

H a. Uuiveisal CompMs, with poinU to tubm T 00 



# 




I. Large Steel Spring Dividers, 6to6-ineh if 

i. Sniali Steel Stepping Dirldera, 3) luehei 1 Si 

. Small Steel Compeee, nlth pen, do 1 Tl 

'. Smsll Steel Bow Pencil, do 17. 

I. DtavingPen, with JoiDt, 11 lD«h« long 1 £ 

I. do da &i do 1% 

I. do do da IT. 

. Horn Centre, vitb Oeimaa Silver frame 4/ 

:. Bow Pea i Si 

;. Bow Pea, with pencil-holder ..• » 

.. Oerman Silrer Csntio, wit!( h4q4}e £: 

1, German Silver Peppr Pinii I«r doiei) , ,,,...... 7. 

>. do Sfee) do d^ ■■••■< 7. 

'. PotwWo mlft......).,.,.. ....... ,.,^,.^,,,, ^„,„.v,..."" f 
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Figure No. Prico, 

28. Horn Protractors, 4rliich, 20 cents ; 5-inch, 8S cents ; 6-Inch, 46 cents ; 

7-inch, 76 cents ; 8-inch $1 00 

28. Protractor, German Silver, 5i-inch diameter, i circle, i degrees, centre 

on onter edge 2 20 

28. Protractor, Oerman Silver, 6i-inch diameter, i circle, k degrees, centre 

on outer edge 2 76 

28. Protractor, German Silver, 6i-inch diameter, i circle, i d^^ees, centre 

on outer edge 3 60 

28. Protractor, German Silver, 6i-inch diameter, i circle, i degrees, centre 

on inner edge 2 80 

28. Protractor, German Silver, 6f-inch diameter, i circle, i degrees, centre 

on inner edge. 8 78 

.4 

29 

2P. Protractor, German Silver, 5i-inch diameter, whole circle, \ de- 
grees, with vernier to three minutes 18 00 

29 Protractor, German Silver, 8-inoh diameter, whole circle, \ de- 
grees^ vernier to 1 minute ..... ^ . 16 so 




BWI8S IHBTEUMEHra. 




■, i oirtle, i degree., 
). Frott'actor, 0<rmaa Silrar, lO-inch diameter, j circle, j degrees. 



1 CompiiB: 



I, Tar wcKid bwnis, IT.SO; ii 



Uoro. 



n 



83 and M. Horn Curves, esoh ; 

DmiriDg CompsBB, i iochea, with long iTorf handle, apring and 

miorometer. Kith Z pens, peDcil-holder and neadla ixiat 

Parallel Rnle, with railere 

1. Bow Compaag, fait needle point and pen; joints in both legs.. 

1. Bcw Compass, fast needle point and pencil -holder, wKb Jointi 

in both legs * ....,,-,-. 



17* FW BoxxBood and Ivory Scala, Prolraetort, 6e., wt pager ii7-l48. 
Parties wanting oasei made np, can select the pieces, and we will baia 
boxes made to suit, at an additional cost of from 17 to $IG, according to 
the slie of the boief, whioh are mada of rOHWOoi, mahoganj or walniiti 
hlgbl7 Bnished. 
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ft 

GASES OF EXTRA FINE SWISS DRAWING INSTRUMENTS. 

Figure No. Price- 

40. Polished Walnnt Boz^ with lock and key, and traj. Containing : 
Pair Dividers, 6^ inches long, with pen, pencil, and needle 
points, and lengthening bar; Pair plain Dividers, 5^ inches 
long ; Steel Bow Pen, with spring ; two Drawing Pens, one 4| 
inches long, and one 6{ inches long; Half Circle Protractor, 5 
inches diameter, | degrees $20 O 

41. Same as No. 40, with the addition of a pair of Dividers, 34 
inches long, with pen, pencil, and needle points, and a Steel 
Bow Pencil, with spring 27 7 

42. Polished Rosewood Box, with lock, and key, and tray. Contain- 
ing: Pair Dividers, 6:| inches long, with pen, pencil, and 
needlepoints, and lengthening bar; Pair Dividers, Scinches 
long, with pen, pencil, and needle points; Pair plain Dividers, 
6^ inches long; Pair Hair Spring Dividers, 5^ inches long; 
Pair Steel Spacing Dividers, 3^ inches long, with spring; Steel 
Bow Pen, with spring; Steel Bow Pencil, with spring; Three 
Drawing Pens, one 4^ inches, one 5^ inches, and one 6 inches 
long; Half Circle Protractor, 6^ inches diameter, ^ degrees; 
Triangular Scale of Boxwood, 12 inches long 40 

43. Same as No. 42, with the addition of a Pair of Proportional Di- 
viders 9 inches long, and the Protractor graduated in j de- 
grees .* 58 

44. Polished Rosewood Box, with lock and key, and tray. Contain- 
ing: Pair Dividers, 6^ inches long, with pen, pencil and 
needle points, and lengthening bar; Pair Dividers, 3 inches 
long, with pen, pencil, and needle points; Pair plain Dividers^ 
6^ inches long; Pair Hair Spring Dividers, 5^ inches long; 
Pair Proportional Dividers, 9 inches long ; Pair Steel Spacing ' 
Dividers, 3^ inches long, with spring; Steel Bow Pen, with 
spring; Steel Bow Pencil, with spring; Beam Compass, 21 
inches long, with three bars; Three Drawing Pens, one 4^ 
inches, one 5^, and one 6^ inches long; Railroad Drawing 
Pen; Dotting Pen ; Half Circle Protractor, 6,[ inches diameter, 
j degrees, center on the inner edge ; Triangular Scale of Box- 
wood, 1 2 inches long 74 0< 

15. Polished Rosewood Box, with lock and key, and tray; Pair Di- 
viders, C^ inches long, with pen, pencil, and needle points, and 
lengthening bar; Pair Dividers, 4 inches long, with ivory 
f handle, adjusting screw and spring, pencil, needle and two 
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Priet. 
pen points; Pair plain Dividers, 5^ inches long; Pair Hair 
Spring Dividers, 5^ inches long ; Pair Proportional Dividers, 
9 inches long, with micrometer adjusting screw; Pair Steel 
Spacing Dividers, 3^ inches long, with spring; Pair Steel 
Spacing Dividers, 5 inches long; Steel Bow Pen, with spring; 
Steel Bow Pencil, with spring ; Beam Compass, 36 inches long, 
in 4 bars ; Three Drawing Pens, one 4^ inches, one 5^ inches, 
and one G inches long; Railroad Drawing Pen, Dotting Pen; 
Half Circle Protractor, 8 inches diameter, with arm and ver- 
nier ; Triangular Scale of Boxwood, 12 inches long $93 00 



MATHEMATICAL INSTRUMENTS 

OF BRASS, FOR SCHOOLS. 





12 3 4 5 

Figure No. Price. 

1. Brass Dividers, brass joints, rivet heads, 5-inch, 15 cents; 6-incb, $0 25 
2 do steel joints, screw heads, 5-inch, 30 cents; 6-inch, 40 

2. do brass joints, turned cheeks, 3- inch, 30 cents; 4- 

inch, 40 cents ; 5-iiUih, 50 cents; 6-inch 65 

2. do steel joints, turned cheeks, 4-inch, 65 cents; 5- • 

inch, 85 cents ; 6-inch 1 00 

3. do steel joints, turned cheeks, hair spring, 5-inch... 1 25 

3. do do do do 6-inch... 1 65 

4. Dividers, brass, brass joints, turned cheeks, 4^ inches long, with 

pen, and pencil points and length«nln^ \^tt.T , ^^^t %^\> .«....%« «^ ^^ 
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Figure No. Priee. 

Dividers, brass, brass joints, turned cbeeks, 6 inches long, with 

pen and pencil points and lengthening bar, per set $0 87 

6* Dividers, brass, brass joints, tamed cheeks, needle point, 4| inches 

long, with pen and pencil puints and lengthening bar, per set, 75 
Dividers, brass, brass joints, turned cheeks, needle point, 6 inches 

long, with pen and pencil points and lengthening bar^ per 8et> 1 00 




E 





6 7 8 9 10 

6. Dividers, brass, medium quality, needle point, with pen and 

pencil points, 3 inches 50 

7. Bow Pen, brass • 50 

8. Bow Pen, brass, needle points 50 

9. Bow Pen, brass, needle points aiftl adjusting spring 50 
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Figure No. PHce. 

10. Furniture for Beam Compass, brass, with adjusting screw, in 

morocco case ^5 25 

1 1 . Bisecting Dividers, br&ss t5 

12. Proportional Dividers, brass, half divided. 1 75 

13. Drawing Pen, black handle 25 

Drawing Pen, ivory handle • 40 

14. Eoulette for dotting lines, with extra wheels 1 00 



CASES OF BRASS DRAWING INSTRUMENTS 

FOB SCHOOLS. 

20. Wood Box; pair 4^-inch Dividers, with pen and pencil points, 

and Crayon Holder 

21. Wood Box; pair 4^-inch Dividers, with pen and pencil points 

and lengthening bar; Ebony handle Drafting Pen; Boxwood 
Scale, 4 inches long 



60 



90 





22. Wood Box ; Pair of 4|-inch Dividers, with pen and pencil points 

and lengthening bar; Pair of 3|-inch plain Dividers, Drawing 
Pen, Horn Protractor; Boxwood Scale, 4 inches long • 1 00 

23. Rosewood Box ; Pair 5^-inch Dividers, with pen and pencil points 

and lengthening bar; Pair of 4^-inch plain Dividers, Draw- 
ing Pen, Horn Protractor ; Box Wood Scale, 6 inches long .... 1 50 

24. Same as 23, with addition of Parallel Ruler 1 75 

25. Same as 23, with Ivory Scale, 6 inches long 2 00 

26. Same as 25, with addition of Parallel Ruler 2 25 
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27 



29 



Figure No. Price* 

27. Rosewood Box; Pair of 6-inch T^tviders, with pen and pencil 

points and lengthening bar; Pair of 4^-inoh plain Dividers, 
Drawing Pen; Pair of S^-inoh Dividers, with pen and pencil 
points; Brass Protractor, Horn Protractor; Ivory Scale, 6 in- 
ches long, per set • - • • $2 76 

28. Same as No. 27, but with the instruments set in a traj, so that 

colors, etc., may be' put below, per set 8 00 

29. Rosewood Box; Pair of 6-inch needle point Dividers, with pen 

and pencil points, and lengthening bar; Pair 4|-inch plain 
Dividers; Pair of S^-inch needle point Dividers, with pen and 
pencil points; Drawing Pen, Brass Protractor, Horn Protractor; 
Ivory Scale, 6 inches long, per set 8 00 

30. Same as No. 29, but with lock and key and the instruments set 

in a tray, so that the colors may be put below, per set 8 25 

31. Same as No. 30, with addition of Parallel Ruler, per set 8 50 

32. Rosewood Box, with lock and key, the instruments set in a tray, 

so that colors, etc., may be put below; Pair of 6-inch needle 
point Dividers, with pen and pencil points, and lengthening 
bar ; Drawing Pen, Pair 4^-inch plain Dividers, Brass Protrac- 
tor, Horn Protractor, Pair of 3^-inoh Needle Point Dividers, 
with pen and pencil points; Spring Bow Pen, with needle 

point ; Ivory Scale, 6 inches long, per set 4 00 

83. Same as No. 32, with addition of Parallel Ruler, per set 4 25 

14 « Same as No. 33, with the addition of a pair Proportional Divid- 
ers^ per set •••••• ; 5 76 
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Figure No. Prioe. 

8E. Dividers, Qermsn Silver, eteei Jirints, tamed cbeeki, fine flnieh, 

4-iiiob, TO cents; 5-iiicb, 80 cents; «-lDcb,Cl; T'inoli CI 2S 

87. Divide™, Qerman Silver; steel joints, tamed cLeel», flue fiulali, 

hair spring, 4~tnch, tl.26; 6-iDoli, (1.50 ; A-lnch S 00 

S3. Diriders, Oermsn Bilver; flae quslitj, oeedle point, with pan 

and penall potat, 3 inches S 50 

3(1. Dividers, Oermnn Sliver; fine qnalltj, nith needle point, pen, 

lungtbening bar, and pencil paints, 6 inobes 8 25 

40. Dividers, Sermen Silver; 6-lncb, fine fin lib, with shield for 

pocket B 00 

41. Dividert, aermsngilTeT; K-ineh, three-legged 8 60 

li. FropoTtioDal Divideia, QermBD Silver, T) iucbes long, divided 

forlinei B 36 

4.1. Troportion&l Divideri, Oerman Silver, 9 inehel long, finely di- 
vided for lines &ndeIroIei 10 00 

41. Bisecting Dividers, aermsn Silver 1 3J 

ib. Steel-Spacing Dividers, b Inohes long, with Ivor; handle G 50 

4fl. do do 3j do do or melal handle, 150 

47. Spring B ~ 
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Priea. 

g Pen, German Bilrer; fine flalab, hinge to pea (0 60 

I, Qerman Silrar', fine finiih, hiage M pen, ftodpro- 



CASES or FINE GERMAN SILVER INSTBDMBMTS, 

. Mnroeoo Box; ftii of S^-ineh Dividers, with Pen dod PenoH 
Pnlntu, DrHwIng Pen, Ivorj Scale, S iaehei long, aame as in 
SPboDi-Qiieei or ingtrnigentB .'.... R 21 

. MorocH Box; pair of 3-iaoh Divldera, with Pen, Peooll and 
Keedle -Points, and Lengthening Bar, Drawing Pan. Ho 
Scale or Protraior. P« let 4 >E 



DRAWING INSTRUMENTS. 
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61 



62 



Figure No. Price* 

62. Moroeoo Box; pair of 5|-inch Dividers, with Pen and Pencil 

Points, pair of 5-inch plain Dividers, Drawing* Pen, Ivory 
- Protractor Scale, 6 inches long, per set $4 25 

63. Same as No. 62, with addition of Needle Points and Lengthening 

Bar to 5^-inch Dividers, per set .*•« * 6 00 

64. Morocco Box, rounded corners, for carrying in the pocket ; pair 

of 4|-inch Dividers, with hinge in one leg, Needle Points, with 
Pen and Pencil Points, and Lengthening Bar, Spring Bow Pen, 
Needle Point, pair of 4-inch plain Dividers, rounded point. 
Drawing Pen, ivory handle, 5-inch Ivory Inch Rule, divided 
into eighths, per set ..••. • 6 50 





65 




«$ 



Morocco Box; pair of 5|-inch Dividers, with Pen and Pencil 
Points, and Lengthening Bar, pair of 5-inch plain Dividers, 
pair of 3 -inch Dividers, with Pen and Pencil Points, Drawing 
Pen, German Silver Protractor, German Silver Square, Ivory 
Scale, 6 inches long, per set 

Morocco Box; pair of 5^-inch Dividers, with Pen, Pencil and 
Needle Points, and Lengthening Bar, pair of 5-inch plain Di- 
viders, Spring Bow Pen, Drawing Pen, Ivory Protractor Scale, 
6 inches long, per set .«.• »••%..«... ••.«.«%«.»««<«« 



8 25 



%^^«i 



U6 



DRAWINQ IK8TBUMENT8. 





67 



73 



Figure No. Prioe. 

•7. MorcocoBox; pair of S^-incb Dirlders^ with Pen, Pencil and 
Needle Points, and Lengthening Bar, pair xJ 5-inoh plain Di- 
yiders, pair of 3-ineh Dividers, with Pen, Pencil and Needle 
Point, 2 Drawing Pens, German Silver Se[uare, German Silver 
Protractor, Ivory Scale, 6 inches long, per set •••>$10 00 

68. Same instruments as in No. 67, in polished Walnut Box, per set, 11 50 

69. Same instruments as No. 67, omitting Ivorj Scale, German Sil- 

ver Protractor and German Silver Square, but in polished 
Walnut Box, with lock and tray , 11 50 

70. Polished Walnut Box; same instruments as No. 68, with the ad- 

dition of Spring Bow Pen with Needle Point 14 00 

71. Same as No. 70, with the addition of 5-inch hair-spring Dividers, 15 50 

72. Same as No. 70, set in a tray, and the box much larger, with 

look, thus affording space for extra instruments or colors, Ac, 17 00 

73. Polished Walnut Box, with lock and key, instruments set in a 

tray ; pair of 5^-inch Dividers, with Pen, Pencil and Needle 
Points, and Lengthening Bar, pair of 5-inch plain Dividers, 
pair of 5-inch hair-spring Dividers, pair of 3-inch Dividers, 
with Pen, Pencil, and Needle Points, pair of 7^-inch Propor- 
tional Dividers, German Silver Square, Spring Bow Pen, with 
Needle Point, German Silver Protractor, Ivory Scale, 6 inches 
long 2 Drawing Pens 29 50 

74. Polished Walnut Box; instruments same as No. 173, with addi- 

tion of a Railroad or Double Drawing Pen, per set .... • • 81 00 



PROTRACTORS OP HORN, BRASS, ETC. 
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PROTRACTORS OF HORN, BRASS, GERMAN SILVER, 

IVORY AND PAPER. 





80 81 

Figure No. Prioeii 

80. Horn Protractors, half cirde, half degrees, 5>indi diameter, 85 cents ; 

6-mch, 45 cents ; 7-inch, 76 cents ; 8-inch $100 

81. Brass Protractors, half circle, whole degrees, 4-inch'. 90 

do do half degrees, 4-inch, 40 cents ; 6-inch, 60 c^its ; 6-inch 75 

82. German Silver Protractor, 4 inches diameter, half circle, whole degree. . . 60 

do do half degrees, 5-inch, $1 ; 6-inch, $1.S6 ; 7-inch 1 50 

88 German Silver Protractors, with beveled edges, 6-inch, $1.60 ; 6-inch, $2 ; 

7-inch 8 00 



84. Paper Protractor, whole circle, half degrees, 13-inch thin paper. . . 
do do whole circle, half degrees, 13-indi Bristol board 

do do half circle, half degrees, 6-inch card board, 

do do half circle, whole degrees, 4-inch card board .... 



80 

40 
25 

ao 




85 

85. Ivory Protractor, 6 inches long, 1{ inches wide, whole degrees, 

with 6 Bcalea of eqnal parts, 4 scales of feet and inches, 2 scales 

of chords and diagonal scale • < 1 25 

86. Ivory Protractor, 6 inches long, 1| inches wide, whole degrees, 

with 6 scales of equal parts,. 8 scales of feet and inches, 2 scales 

of chords and diagonal scale • 2 00 

87. Ivory Protractor, 6 inches long, 2 inches wide, whole degrees, 

with 8 scales of eqnal parts, 10 scales of feet and inches, 2 
scales of chords, diagonal scale and line of 40 on lower edge.. 2 75 

88. Ivory Protractor, same as No. 87, but in half degrees 3 50 

87 1. do do 6 inches long, 2^ inches wide, half degrees, 

with 10 scales of equal parts, 12 scales of feet and inches, 2 
scales of chords, diagonal scale, and line of 40 on lower ed^^ Ak.<il^ 



148 IVORY AND BOXWOOD SCALES. 

Figure No. Price. 

89. l7ory Protractor, 6 inches long, 2^ inches wide, with 8 scales of 

equal parts, 12 scales of feet and inches, ^ scales of chords, 
lines of sines, tangents, secants, hours, Ac, &o.y and line of 40 
on lower edge •......« $5 50 

90. Ivory Protractor, 8 inches long, 2 inches wide, half degrees, with 

6 scales of equal parts, 8 Hoalen of feet and inches, 2 scales of 
chords, diagonal scale and line of 40 on lower edge 4 50 

91. Irory Protractor, 12 inches long, 2^ inches wide, half degrees, 

with 10 scales of equal parts, 12 scales of feet and inches, 2 
scales of chords, diagonal scale and line of 40 on lower edge ... 11 00 



IVORY AND BOXWOOD SCALES. 

92. Boxwood Protractor, 6 inches long, 1| inches wide, whole de- 
grees, with 6 scales of equal parts, 4 scales of feet and inches, 
2 scales of chords, and diagonal scale • 5C 

IVORY SCALES. 
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93. Ivory Sector, 6 inches, opens to 12 inches 2 00 

94. Ivory Scale, 6 inches long, same as in school cases of instruments, 50 

95. Ivory Chain Scales, 12 inches long, graduated on two edges with 

either 10 and 10 parts, or 10 and 20, or 20 and 40, or 30 and 

50, or 40 and 60, or 50 and 60, each 2 50 

do do do do with 40 and 80, or 50 and 100, each. 4 50 

96. Ivory Architects' Scales, 12 inches long, each 2 50 

do do do with diagonal scale on 

one side, each 2 50 . 

do do do with 16 different grada- 
ationa all hrought to the edges, each ....•'• 2 50 

BOXWOOD SCALES. 

97. Boxwood Scale, 6 inches long, same as in school eases of instm- 

ments 20 

98. Boxwood Scale, 1 2 inches long, for Architects 1 00 

99. do 12 do with 16 different graduations, all 
broagbt to the edges • • 1 00 



PAPER SCALES, STEEL RULES, ETC. 149 

Figure No. Pric©^. 

100. Boxwood Scale, 12 inches long, for Architects, with diagonal 

scale on one side $\ 00 

LOI. Triangular Scale of Boxwood, 24 in. long, graduated 10, 20, 30, 

40, 50 and 60 to the inch 5 00 

102. do do do do 12 inch, 2^00 

102^. do do do do 6 inch, 1 50 




^^^ 



102 

106. Triangular Scale of !Boxwood, S4 in. long, graduated A, i^, 1, i, f, }, f, 

1, H, 8 and 16Q18 to the foot 5 00 

IM. The same— 12 in. long 2 00 

105. The same— 6 in. long 1 50 

106.' Boxwood Ganter Scales, 12 in. long 65 

107. Satinwood Qunter Scales, 24 in. long 75 

106. Polar Flanimeter, with printed instructions •. 3.3 00 

By means of Amsler^s Polar Planimeter a person entirely ignorant of Geometry 
may ascertain the area of any planimetrical figure, no matter how irregular its ont> 
lines may be, more correctly, and in much shorter time, than the most experienced 
Mathematician could calculate it. 

The management of the instrument can be easily learned in half an hour, and in 
size it is no larger than a two-foot folding rule. 

The Planimeter indicates square feet or square inches, and acres for surveying. 



PAPER SCALES, STEEL RULES, Etc. 
PAPER SCALES. 

111. Paper Scales, on card paper, 19 inches long, for architect! and 

engineers, in sets of 6 scales, per sot 1 00 

112. Series A contains 6 scales, one each, divided to |, |, }, 1, 1^ and 

3 inches to the foot, for architects 1 00 

113. Series B contains 6 scales, one each, divided to 3-32, |, 3-16, 

5-16, J and J inch to the foot, for architects 1 00 

114. Series C contains 6 scales, one each, divided to 10, 20, 30, 40, 

50 and 60 parts to the inch, for engineers 1 00 

Single Scale of any of the above series, A, B, C — each scale ... 20 

115. Paper Scales, 19 inches, divided either to |, I4s l-iot t^vt\&V^<^<^ 

to the foot, each *. ^'^ 
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8TEEL TOOLS FOR MACHINISTS, ETC. 



STANDARD STEEL RULES FOR MACHINISTS. 

Fignre No. Priee* 

116. 24 inch steel rule, diyided into Sths, lOths, 12th8, Uths, Iftths, 

20ths, 24th8, 28th8, 32d8, 48tb8, 50th8, 64th8, and lOOths of »n 

inch $4 00 

117. 12 inches do do do 2 tO 

118. 9 inches do do do 1 50 

119. 6 inches do do do 1 00 

120. 4 inches do do do 75 

121. 3 inches do do do 50 

SHRINK RULES FOR PATTERN MAKERS. 

122. 24J inch single shrink^ full, divided, Steel 4 50 

123. 24| do do do Boxwood 8 00 

124. 24^ inch donble shrink, 8ths and lOths, Steel 4 50 

125.24^ do do do Boxwood 3 00 

STANDARD SCALES — STEEL. 

126. 36 inch Steel or Standard Tard, fall, divided 8 OU 

127. 36 inch Steel Standard Yard, | in. square, divided to feet only, 2 00 

128. French Standard Metre, divided on 3 edges to millimetres, and 

one edge to 5ths of millimetres 10 Ot) 

129. Centre Gauge for lathes, also for screw tools 50 

130. Horse-shoe Magnets, steel, 2-inch, $0.15; 2^-inch, $0.20; 3- 

inch, $0.40; 4-inoh, $0.50; 5-inch^ $0.70 ; 6-inoh 1 00 



STEEL SQUARES FOR MACHINISTS. 




'i'[ ' ) ' ['IMMTi>['l'l'»TI'['n'' 
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X31 Steel Squares, with 3-inch blade, $2.50; 4-incb, $3.00; 6-inch, 

$3.50; 9-inoh, $4.00; 12-inch 6 0$ 



TBIAN0LE8, SQUABES, ETC. 
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Fignre No. Pri««. 

132. Hardened Cast-steel T17 Squares, for machinists, 15-inch, $15 
12-inch, $12; 9 -inch, $9; 6 -inch, $6; 4^ inch, $4.50; 3-inoh 
$3.50; i^-inch $2 M 




133. Steel Bevel Protractor, with sliding arm, divided to degr««fl, 

for machinists ; with 6 -inch arm, $6; with 10 -inch arm 6 61 



TRIANGLES, SQUARES, &o. 





27 



\M^ 



152 TRIANGLES, SQUARES, ETC. 

Figore No. nice. 

184. Hardened Oast-Bteel Pocket Y^nier Calliper; yemier to lOOOths of 

inches, one edge to millimetres, $6 ; in morocco case $T 00 

186. Improved Vernier Calliper, vernier reads to lOOOths of inches inside and 
outside Callipers, and points to transfer the distance, with dividers ; 
in morocco case ; 6-inch, $18 ; l^inch, $25 ; 24-inch 90 00 

186. Calliper Squares, divided to lOOths and 64ths of inches ; 3-inch, $3US0 ; 

8-inch 4G0 

187. Steel Straight Edge, 48 inches long, $6; 86-inch, $5; 80-inch, $4; 

24-inch 8 00 

188. Polished Rosewood Straight Edge, 20-inch, 60 cents ; SO-inch, 75 cents ; 

40-inch,$l; 60-incb, $1.50; 60-inch, $2.50 ; 72-inch 4 50 

189. Ames^ Patent Universal Square, blade 6 inches long, $8 ; ^inch, $4 ; 

10-inch,$5; 12-inch «. 6 00 

140. Pearwood Triangles— 80, 60 and 90 degrees, and 45, 45 and 90 degrees ; 

5 to 7-inch, 16 cents ; 7 to 10-inch, 20 cents ; 12-inch I... 25 

141. Rosewood or Beachwood Triangle, framed, degrees as No. 140, plain 

finlBb; 6 to 10-inch, 60 cents ; 12tol5-inch 110 

142. Rosewood or Beachwood Triangle, polished, 6 to 10-inch, 60 cents ; 

12to 15-inch .' : 125 

143. Hard Rubber Triangle, 6-inch, 75 cents ; 7to 10-inch 125 

144. Qerman Silver Triangle— 30, 60 and 90 deg. perpendicular, 6 to 7 inch. S 50 
146. do do do 80, 60 and 90 deg. do 9 to 10 inch. 4 00 

146. do do do 45, 45 and 90 deg. do 4 to 5 Inch. 2 25 

147. do do do 45, 45 and 90 deg. do 6 to 7 inch. 4 00 

148. do do Squares, perpendicular, 6 to 7 inches 75 

CURVES, T SQUARES, ETC. 

149. Whitewood Irregular Curves, 5 to 9 inches Icmg, various patterns, each 

25cents; 10 to 12-inch, 35 cents ; 13to 18-inch 60 

160. T Square, Pearwood or Beech, fixed head, blade 16 inches long, each 

85 cents; 20-inch, 50 cents; 80-inch, 76 cents ; 40-inch, $1; 504nch.. 1 60 

151. T Square, Rosewood or Beach (Fig. 150\ polished, 80-inch, $1.76; 

40-inch 2 50 

152. T Square, Pearwood or Beech, single head to turn ; head takes off, and 

blade can be used as a rule ; 20-inch, $1 ; 80-inch, $1.85 ; 40-inch, $1.60 ; 
60-inch 1 75 

168. T Square, Pearwood or Beech, double head, 24-inch, $1.25; SO-inch, 

$1.85; 40-inch 160 

154. T Square, Rosewood, polished (Fig. 153), SO-inch, $2.76 ; 42-inch 8 60 



PARALLEL RULES, ETC. 



153 
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PARALLEL RULES, Eto. 

Figure No. Prfoe. 

155. Parallel Rulers, Ebony, brass mounted, 6 inches long, each, 25 eta. 

9-inoh, SOcts.; 12-inch, 75ct8.; 15-inch, $l;y 18-inch, $1.24; 
24-inch $2 50 

155 159 

156. Parallel Rulers, German Silver, mounted, 12-inoh 1 25 

157.- do do all German Silver, on rollers, 15 inch, $18.50; 

18-inch 15 00 

158. Parallel Rulers, all Brass, on rollers, 9-inch, $5 ; 12-inch, $6.50 ; 

15-inch 8 50 

159. Parallel Rulers, Ebony, on rollers, 12-inch, $3.25; 15-inch, $4; 

18-inch. ^^5J^ 




154 ITORT AND BOXWOOD BULE8. 

Tigaie No. ] 

16C, PsnJIel Balen, Ebon;, ivorr gnidiutod edges, lS-ln«b, $!; 

16-iiioli, (6 1 IS-inob I 



J 



. BnEineeri' T&afai), tfaiok li 



do do da Garmftn Silver, per doi 

do do do Got. Sil. large A eitrit flue, peidoi. 

do no rlgbt angle brara, 3 points, per do( 

. Horn Oeatroa, to prevent the di<ider> trom murbing the paper. 

rVOBT AND BOXWOOD RULE8. 




liiiiUffiiip 



lt7 . Combination Rnle, 1 foot, S fold, boxwood. This i> the moat 

eonvenient >nd uaeful pocket- role ever mode; It oomblnei In 
itaelta t;>rpenteT>a Kale, Spirit Level, Square, Plnmb, Berel, 



. SPIRIT LEVELS AND POCKET COMPASSES. 155 

Figure No. Prio*. 

Indicator, Braee, Scale, Brangbttng Scale of equal parts, T 
Square, Protractor, Right angle Triangle, and with a straight 
edge can be used as a Parallel Ruler, all the parts of which, 
in their separate applications, are perfectly reliable |3 50 

168. Combination Rule, 1 foot, 2 fold ; iyory, same as above 7 50 

An explanation and directions for use accompanies each of the 
Combination Rules. 

POCKET RULES. 

169. One foot, 4 fold, boxwood, each 25 

170. do do do brass edges 85 

171. do do ivory, brass mounted 75 

172. do do German Silver, mounted 125 

173. do do do do graduated in lOths 

and lOOths, for engineers i 50 

174. do do do edges 2 00 

175. Two feet, 4 fold, boxwood • 30 

170. do do do brass edges ••... 100 

177. do do ivory, German Silver bound, with 8th, 10th 

and 16th inches, and j, ^, j and 1 inch drafting scales 4 00 

178. do do do German Silver edges . . 6 00 

179. Two feet, 6 fold rules, boxwood, graduated, 8th, 10th, and 16th 

inches 1 25 

180. do do ivory, graduated, 8th, 10th, 10th and 
16th inches 6 00 



SPIRIT LEVELS AND POCKET COMPASSES. 




185. Loolce's Hand Level, made of German Silver 12 00 

186. do do do brass 10 00 

187. Levels, mounted in brass, for mechanical purposef<, 3 to 12 in. 

long, per inch 25 

188 Level Bulbs, unmounted, 2 to 4 inched) 25a \ 4\ji^\^Oo>sRk »*»*> ^"^s* 



156 POCKET COUPABBES. 

E^r- — ^^ ,3 

18T 
Figure No. P 

ISS. Spirit LcveU, foi millwrighti, mshOEUiy ttoch, with 3 groDnd 

level tUIs let in bmBB, all adjuilable, H and 30-iiioh S 

110. Spirit LerolB, for miUwrlgliU, with 2 ground leTel Tinla, ftd- 

jaatuble, 14 and 311-meh 

1)1. Spirit Levela, vith nngronnd level vlkli, or good qaaKty; 3 

loTelB,*!; 2 levels 

192. Biaas Plumb Bobs, ateel-puinC eerew headsj 3-ai. SI; S-oi. 

tl.&O; 10.OI. II. T5; 14-Di. f2.i5; IQ-01. SZ.TS; 21in. S3; 

32-0 

POCKET COMPASSES. 





190. HabagsDjCaBe.wllhstap toneedle,I( Inchea BqaBre,tl.EO; Mncli,S3; 

SUncli, SS.SO; 8-locb 

IBS. BnsB, rauud, wllb cover, I( Incbee diameter, etopto Dsedle 



■gala centre to needle 

IDS. do wBtch pattern. Blop, Bgnle centre. li lacb, Sl.M; S-Inch.. 

199. do watch pattern, etep, agate centre, 11-lnch, with hinged 

900. do Gilt Charm Compsfleefl. to hang Ut watch^uaid ...... 

101. Pocket CompBBBes, gilt watch pattern, with stop, enameled dial, 

morocco caaee Superior, |S and i 

Sai. PrlBinatlcAEimTichCampaeg,1)raa>,ltIlD.dlani., flft; <t In. diam » 

203. Pocket BoitaDta, with TelcHCOpe, ver; accnrale. 4 

SM. Sarveyor's CroBB— for right anglBB 

SOS. Odometer br meaenring dlstaocoB b; recording reiolatlone of carriage 

wheel » 



MICaOSCOPEB, eto. 157 

MICROSCOPES, &c. 
SIMPLE MICROSCOPES TO FOLD IK CASES. 

a m St3 S11 21S 317 

re tfo. Prise. 

lined Bobber case and frame, round rorm, 1 donble eonvsi Ien«, 
I Inch diameter, t-61); 1-lncb, 10.75; Ij-inch, (1; l^-ineh, 

tl,2Si IJ-inoh, »1.60; 2-inoh M Si 

Bard Itnbtaer oass and rmme, roand farm, 3 double eonrez 

lensoa, j-inch, tO.TS; l-incb, tl.2&; Ij-inch, $1; tj-innh... 3 GD 

finid Rabbsr caae »nd frame, belluwa forni, |-in. tO.TIi; I-in. 1 00 

dt> do do 3 lenaei, |-in. $1; 1-in. 1 3S 

do do do 3 do |-in.$l.50i 1-ln. ITS 

Mieroscope on three lege, with serew adjaatmeDt for fooua 1 00 

Linen Prorers, or Hieroaoope for eoDDtlng the threads in linen 

fabrioB 76 

Stanhope lene, in Oerman SilTsr trsote 1 iO 

Codding ton lent, brans frame 3 00 

do Mlverfruue 3 60 

do do with eorer 3 SO 

do do large alie, ifltb oorer » M 

BKADINQ AND HOTUEE LENSES. 




158 MARINE, OB FIELD GLASSES. 

Figure No. Price. 

236. Beading Glaee, oxidized metal ftame, doable convex lene>, 3-incb, $1 ; 

3^inch, $1.60; 8-incli, $1.75 ; 8f-inch, $3.60; 4-inch, $3; 4f-inch..... $4 50 

837. Beading Qlass, oxidized metal IDrame, two plano-convex lenses, 3^ inches 

diameter, $3.25 ; 3-inch, $3; 3i-inch, $4.35 ; 4-inch 5 00 

238. Beading Glass, gilt metal frame, ivory handle, one double convex lens, 

2-inch, $3.35 ; 2i-inch, $3.75 ; 3-inch, $3.75 ; 4-inch, $4.75 ; 4f-inch. . . 6 60 

229. Beading Qlass, black metal frame, wood handle, doable convex lens, 

3 inches long by U inches wide, $1.50 ; 8i x If inches, $3 ; 4x2 inches 2 60 

280. Pictare Glasses, rosewood ttame and handle, double convex lens, 

6 inches diameter, $5 ; 6-inch 7 60 



ACHBOMATIC OFEBA GLASSES. 

Diameter of Object-Glasses given in lines 12 to 1 inch. 

286. Six lens, metal body, japaned, black, 13 lines, $4.50; 15 Unes, $6; 

171ines, $0; 19 lines, $7.35 ; 31 lines, $8.25 ; 341ines 10 95 

286. Six lens, metal body, covered with black Imitation Turkey morocco, 
bars connecting the two bodies curved ; 13 lines, $7 ; 16 lines, $9 ; 
17 lines, $9.50; 19 lines, $11; 21 lines 12 6a 

237. Twelve lens, metal body, covered with imitation Turkey morocco, 
superior quality ; 18 lines, $lt ; 15 lines, $13 ; 17 lines, $14 ; 19 lines, 
$16.35; SlUnes 16 60 

288. Twelve lens, metal body, covered with black Turkey morocco, superior 
quality ; 13 lines, $12.75 ; 45 lines, $14 ; 17 Unes, $15.75 ; 19 lines, $18 ; 
21 lines 21 60 

Also, a large variety mounted in pearl, enamel, and oxidized metal. 



MABINE, OB FIELD GLASSES. 

Six lens Achromatic Field Glass, metal body, covered with Turkey 
morocco, sun shade to extend over the object-glasses, and soft leather 
case, with strap. 

Body 3} inches long ; object-glasses 16 lines in diameter 7 75 

do 4i do do 17 do do 9 00 

do 4i do do 19 do do 60 

do 4| do do 31 do do 10 25 

do 5i do do 24 do do 12 00 



ACHROMATIC TELESCOPES. 159 

Figure No. Prie« 

240. U. S. Army Signal Servioe six lens Aohromatio Field Glass^ 
metal bodj, covered with Turkey xnoroccoy sun shade to ex- 
tend oTer the object -glasses, and heayj leather case, with 
strap ; very superior. 

Body, 5} inches long; object-glasses 21 lines in diameter $18 50 

do 5] do do 24 do 16 00 

do 64 do do 26 do 18 00 



ACHROMATIC TELESCOPES. 
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251 

241. T^leseope, wood body, 3 draws, 15 inches drawn out, 6 inches 

shut, object-glass 1 inch in diameter, power 15 times ........ $2 75 

242. Telescope, wood body, 3 draws « 10 inches drawn out, 6 inches 

shut, object-glass 1| inches in diameter, power 20 times 8 50 

243. Telescope, wood body, 3 draws, 23 inches drawn out, 8 inches 

shut, object-glass 1} inches in diameter, power 25 times 5 50 

244. Telescope, wood body, 3 draws, 30 inches drawn out, 10 inches 

shut, object-glass 1{ inches in diameter, power 30 times ..... 7 25 

245. Telescope, wood body, 4 draws, 37 inches drawn out, 11 inches 

shut, object-glass 1] inches in diameter; superior glass; power 

35 times 18 50 

246. Telescope, wood body, 4 draws, 42 inches drawn out, 11^ inches 

shut, object-glas 2| inches in diameter, power 40 times 24 00 

247. Telescope, wood body, 4 draws, 48 inches drawn out, 13^ inches 

shut, object-glass 2| inches in diameter, power 45 times 83 00 

248. Telescope, wood body, 5 draws, 28 inches drawn out, 72 inches 

shut, object-glass 1| in. in diameter ; about the same power 

as No. 245, but more portable ; power 35 times 9 50 

249. Telescope, wood body, 6 draws, 17 inches drawn out, 4| inches 

shut, object-glass 1^ inches in diameter, power 20 times ,,,,. 6 50 

250. Telescope, wood body, 6 draws, 16 inches drawn out, 4} inches 

shut, object-glass J inch in diameter; very portable; power 

15 times 5 50 

251. Telescope, brass body, covered with cord or leather; shade to 

keep off the sun and rain; 1 draw, 36 inches drawn out, 20 in. 
shut, power 25 times X2 00 

252. Same as above, but with 2 or 3 draws; 15 inches shut «« VL <n<^ 



160 ACHROMATIC TELESCOPES 




253 
Figure No. Prioe. 

25:i. Tourist's Achromatic Spy-glass, with brass body, covered w!th 
Turkey morocco; 3 draws, 17 inches drawn out, inches shut^ 
object-glass 1| inches diameter; sun shade to slip beyond the 
object-glass; heavy leather caps to cover both the eye-glau 
and object-glass; strong leather strap to sling over the shoul- 
der : power 20 times $9 50 

254. Same as No. 253, but is 2L inches drawn out, 7 inches shut, ob- 
ject-glass l| inches diameter ; power 25 times 12 50 

255 Same as No. 253, but is 24 inches drawn oat, 9 inches shut, ob- 
ject-glass 1| inches diameter, power 30 times 18 76 

256. Same as No. 253, but has 4 draws, and is 36 inches drawn out, 

10 inches shut, object-glass IJ in. diameter, power 35 times.. 24 00 

257. Brass Clamp with gimlet screw, to fasten a Spy-glass to a post 

or tree *..•• • • •• 8 00 
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Dra^wing iPaperj, Colors^, &c. 



In filling orders for Instruments from different parts of the country, 
we have frequently been called upon to furnish, in addition, the vari 
ous materials for the oflBlce work of the Surveyor and Engineer, as 
Drawing Paper, Colors, Text-Books, &c. We have therefore supplied 
ourselves with an assortment of these goods, and shall hereafter be 
able to furnish them on as favorable terms as any other dealer in the 
Union. 



WHATMAN'S TURKEY MILL DRAWING PAPERS. 

Demy 20 x 16 inches, per sheet, 7 cts., per quire 

Medium 22x17 do do 8 do 

Royal 24x19 do do 9 do 

Super-Royal 27x19 do do 11 do 

Imperial 30 x 21 do do 17 do 

Elephant 28x22 do do 17 do 

Columbier 34 x 23 do do 25 do 

Atlas 35x28 do do 25 do 

Double Elephant 40 x 26 do do 30 do 

Antiquarian. 52x31 do do 90 do 



$1 00 

1 50 

2 00 
2 50 
350 
360 
5 25 

5 25 

6 00 
18 00 



GERMAN ROLL DRtVWING PAPERS— BEST QUALITY. 

Extra White, 40 inches wide— weight, 5 ounces to the yard — per yard.... 25 cts. 

do 40 do do 8 do do do 30 cts. 

do 64 do do 8 do do do 35 cts. 

do 64 do do 11 do do do ....50 cts. 

do 69 do do 16 do do — do 60 cts. 

MUSLIN BACKED EXTRA WHITE-BEST QUALITY. 

40 inches, in 20-yard rolls per roll, $22 ; per yard $1 25 

54 do in do do do $32 ; do .... 2 00 

69 do in do do do $38; do .... 2 50 

BLEACHED MANILLA BUFF TINT FOR WORKING DRAWINGS. 

86 to 48 inches wide — ^best American make.. per yard, 10 cts., 15 cts., and 20 cts. 
40 and 54 do — ^bcst English make per yard, 25 cts. and 35 cts. 

VELLUM, OR TRACING CLOTH. 

Best English— In rolls of 24 yards, 18 inches ^vide. . .per roll, $7 ; per yard 40 cts. 

do do do 30 do ... do 10; do 60 cts. 

do do do 36 do ... do 12; do 70 cts. 

do do do 42 do ... do 16; do ...-^^vsk. 
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FRENCH TRACING PAPER. 
Fine quality, very clear and strong. 

In Sheets. Royal, 19 by 25 inches, per quire $ 1 00 

do Super-royal, 21 by 26 inches, per quire 150 

do Double Elephant, 28 by 40 inches, per quire 2 50 

lu Rollii 11 yards long and 43 inches wide, per yard, $0.35; per roU^ 1 50 
do 22 do 43 do do 0.35; do 2 50 

PROFILE PAPER. 

Piatt A, 42x15 in., horizontal ruling, 4, vertical, 20 to in., per sheet, 4Q 

Plate B. 42x13^ do 4, do 30 do do 40 

Plate C, 42x15 do 5, do 25 do 'do 40 

Continuous Profile Paper Plates, A and B, per yard 30 

Muslin Backed Continuous Profile Paper, A and B, per yard. 76 

CROSS SECTION PAPERS. 
Trautwine's Cross Section and Diagram, 10 feet to inch, for embank- 
ments of 14 and 24 feet, roadway, and for excavations of 18 

and 28 feet, ruling 19.^x12 inches, per sheet 25 

Gross Section, ruling 22x16 inches, 8 feet to inch, per sheet 26 

Cross Section, ruling 13:^x16 inches, 10 feet to inch, do .• 25 

Ruled and Section, 14x17 inches, 4 feet to inch, do 08 

LYONS' TABLES. 
A set of Tables for finding at a glance, the true cubical contents of Exoa- 

yation and Embankments for all Bases, and for every variety of GrouM«^ 

and Side Slopes; by M. E. Lvons, C. E. 

6hcet No 1. General Table for all Bases and all Slopes. 
do 2. For Side Hill Cuts and Fills. 

do 3. Base 12 feet Slopes 1| to I 

do 4. do 14 do .... 1^ to 1 

do 5. do *L5 do ;| to I 

do 6. do 15 do 1 to 1 

do 7. do 15 do l^ to 1 

do 8. do 16 do ^ to I 

do 9. do 16 do 1 to 1 

do 10. do 18 do 4 to 1 

do 11. do 18 do 5 to 1 

do 12. do 18 do 1 to I 

do 13. do 18 do 1^ to 1 

do 14. do 20 do - 1^ to 1 

do 15. do 24 do 4 to 1 

do 16. do 24 do l^tol 

do 17 do 25 do H to I 

cj's 18 /in 36 do U to 1 
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Sheet No. 19. Base 28 feet Slopes ^ to 1 

1 tol 

l^tol 

Htoi 

1 tol 



do 


20. 


do 


30 


do 


do 


21. 


do 


30 


do 


do 


22. 


do 


30 


do 


do 


23. 


do 


32 


do 


do 


24. 


do 


32 


do 



i^to: 

The Tables are printed in clear, bold type on tinted paper, sheets 
25x16 inches. Thej may be used by candle-light without injuring 
the eye-sight. Each sheet is complete in' itself, and embraces all 
that is wanted in connection with the Base or Slope designated, 
whether on leyel or side -hill cross section. 

Per Bheei, 36 cents ; bound in one volume $8 00 

FIELD BOOKS. 

Level Books, each 75 

Transit Book, each 75 

Becord Book, each 90 

Cross Section Books, 8 in. long by 7 in. wide, for Topography 1 00 

Lithographic or Steel Plate engraved. Letter Headings, Papers, 
Envelopes, Ink, Pens, and every description of oflfice Stationery 
furnished to order, of the best quality. 

PAPER PROTRACTOR— SHEETS AND BOARDS. 
Whole Circle Protractors, 12 in. diam. ^ degrees, thin paper, each, 30 
do do do do Bristol boards do 40 

INK SLABS, SAUCERS AND WATER COLORS. 





INK SLABS 
For India Ink and Colors ; containing S holes or cups and 1 slanting division. 



Measuring 21 by If inches, each 20 cts. 
do 3 by 8 inches, each 35 cts. 



Measuring 4 by 2| inches, each 40 cts. 
do 4» by 3 inches, each 50 cts. 



CABINET NESTS. 
Porcelain Saucers in Nests ; fitted on each other, 

Contammg 5 Saucers and a Cover, 2i inches in diameter per nest 75 

do 5 do do 2| inches do do 1 00 

do 5 do do 3i inches do do .... 125 
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WATER COLORS AND INDIA INK. 



WINSOR & NEWTON'S WATER .COLORS. 
In Half and Whole Cakes, 
Whole oakes, 80 cents '; half cakes^ 15 cents. 



Antwerp Blue^ 
Bifttre, 
Blue Black, 
British Ink, 
Brown Ochre, 
Brown Pink, 
Burnt Roman Ochre, 
Burnt Sienna, 
Burnt Umbor, 
Chrome Yellow, 
Deep Chrome, 
Dragon's Blood, 
Emerald Qreen, 
Flake White, 



Gamboge, 

Hooker's Green, No. 1 , 
Hooker's Green, No. 2, 
IndigOt 
Indian Red, 
Italian Pink, 
Ivory Black, 
King's Yellow, 
Lamp Black, 
Light Red, 
Naples YelloWy 
Neutral Tint, 
Olive Green, 
Orange Chrome, 



Whole Cakes, 60 cents ; half cakes, 80 cents. 



Brown Madder, 
Chinese White, 
Constant White, 
Crimson Lake, 
Indian Yellow, 



Mars Yellow, 
Neutral Orange, 
Purple Lake, 
Roman Sepia, 
Ruben's Madder, 



Whole cakes, 85 cents; half cakes, 45 cents. 
Cobalt Blue, | Orange Vermillion, 

Whole cakes, $1.00; half cakes, 60 cents. 



Aureolin, 
French Blue, 



Green Oxide of Chrome^ 
Intense Blue, 
Lemon Yellow, 



Whole cakes, $1.75 ; half cakes, 90 cents. 



Burnt Carmine, 
Cadmium Yellow, 
Cadmium Orange, 
Carmine 



Gallstone, 
Pure Scarlet, 
Madder Carmine, 
Mars Orange, 



Payne's Grey, 
Prussian Blue, 
Prussian Green, 
Raw Sienna, 
Raw Umber, 
Red Lead, 
Roman Ochre, 
Sap Green, 
Terre Verte, 
Vandyke Brown, 
Venetian Red, 
Vermilion, 
Yellow Lake, 
Velio w Ochre. 



Scarlet Lake, 
Scarlet Vermlllit iiy 
Sepia; 
Warm iiepi.*. 



I Violet Carminot 



Pink Madder, 
Rose Madder. 



Purple Madder, 
Smalt, 
Ultramarine Ash. 



OSBORNE'S WATER COLORS. 
Black Walnut Chests, with Lock, Drawer, Paint Stone, Water Glass, India 

Ink, Brushes, and 12 colors $10 00 

Mahogany Chests, etc., 18 colors 11 50 

Mahogany Chests, etc., 24 colors 14 00 

Mahogany Chests, etc., 24 half cakes 10 10 

INDIA INK. 

India Rubber, best quality, each 6to85 cents 

India Ink, best quality,' 20 cts., 25cts., 30 cts., 60 cts., 75 cts., $1.25, and. .. $2.75 
Mouth Glue, slips V. 4 cents. 
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MAFPINa AND CROW-QUILL PENS. 

GUlotrs, on cards per dozen.... $0 85 

Oillott's Lithographic Crow-Quill, on cards do .... 8C 

Gillott's Mapping do .... 60 

LEAD PENCILS. 
A. W. Fabeb*b (genuinb). 

Hexagon Qilt, Nos. 1,9,8, 4 and 5 per dozen.... 1 00 

Black or Red out, round, Nos. 1, 2, 3, 4 do .... 90 

Black or Yellow Oilt, Nos. 1, 2, 8, 4, email do .... 75 

One box, containing 7 Pencils, for Engineers, sliding ends to box 60 

do ^ do 6 Pencils, BB to H 60 

do do 7 Pencils, BBB to HH 75 

do do 10 Pencils, BBBB to HHHH 100 

Pore Siberian Lead, Nos. BBBBBB, BBB, BB, B, HB, F, H, HH, HHH, 

HHHHHH, SO cents each per dozen.... S 00 

Red, Green, Blue, and Yellow Pencils do .... S 00 

Faber^s Ink and Pencil Erasers each SO 

Rogers & Son^s Steel Blade Eraser, cocoa handle do 60 

do do do bone handle do 75 

Guttknechfs Pencils, Red and Blue end do 2 00 

Red Chalk Pencils for marking stake perdozen.... 125 

do in lump '...., perlb 25 

Timber Scribes or Marking Irons each 1 25 

Chesterman^s Steel Tapes, in German silver cases, with spring and stop— 
Tapes divided in lOths or 12ths of feet— 8 ft. long, $1.60 ; 4 ft. $1.75 ; 

6 ft. $2; 6ft 225 

With divisions— on one side to 12ths of feet, and on the other to centi- 
metres and millimetres— 3 ft. $1.75 ; 4 It. $2 ; 5 ft. $2.25 ; 6 ft 2 60 
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*** NoTB.— Parties ordering should either send drafts or postal orders on New 
YoT^ or if money is enclosed in letters, such letters should be registered at the 
post-office where mailed. * 

We prepay postage on nearly all American books when the retail price is sent to 
us in advance, but do not on foreign books, so that it is necessary to include ten 
per cent, additional to the price of the same when parties desire them sent by mail. 

Orders for over $10 will be sent by express " C. O. D. ;" but for smaller snms 
parties wOl please remit the necessary amount with their order. 

Write all letters legibly, give your post-office, county, and State, and be sure to 
sign your letter before mailing. 

We are not responsible for loss of goods sent by mail. 

Should any other works on kindred topics be desired, we will fhmish them at 
publishers' prices. 

ARCHITECTURE, CARPENTRY, AND BUILDING. 

Price 

ABERDEENJEarl of. Grecian Architecture. (Weale's series.) $0 50 

ARMENGAUD, AMOROUX, and JOHNSON. . A Complete Course of Me- 
chanical Engineering and Agricultural Drawing. Fully illustrated 10 00 

ARMSTRONG. Chimneys for Furnaces, Fire-Places, and Steam-Boilers. By 

R. Armstrong, C.E. 1 vol. 12mo Paper 50 

ASHPITEL. Treatise on Architecture, including the Arts of Constructive 
Building, Stone Masonry, Arch Carpentry, Roof Joinery, and Strength of 

Materials. 4to. Illustrated 16 00 

BARNARD. School Architecture. 3d edition. 1 vol. 8vo. New York, 1849. 2 00 
BICKNELL'S VILLAGE BUILDER. Elevations and Plans for Cottuges, 
Villas, Suburban Residences, Farm-Houses, Stables and Carriage-Houses, 
Store Fronts, School-Houses, Churches, Court-Houses, and a Model Jail. 

4to. Troy, 1870 10 00 

BULLOCK'S Rudiments of Architecture and Building. 250 engravings. 8vo. 8 50 

BULLOCK'S American Cottage Builder. 75 engravings 8 50 

BURN. Practical Ventilation. 1 vol. 12mo. l^inburgh, 1850 8 00 

BROOKS. Erection of Dwelling-Houses, with Specifications. Quantities of 

Materials, etc. 27 plates. By S. H. Brooks. (Weale's series.) 1 25 

CLEVELAND and BACKUS' Cottage and Farm Architecture 4 00 

CUMMINGS and MILLER'S Architecture, including Designs for Street 
Fronts, Suburban Houses, and Cottages, and with a great variety of 

details. With over 1000 illustrations. 1 vol. large 4to 10 00 

CUMMINGS and MILLER'S Modem American Architecture, containing 
designs and plans for Villas, Farm-Houses, School-Houses, Cottages, Citv 

Residences, Churches, &c. 1 vol. large 4to Clotn 10 00 

DOWNING'S Cottage Residences. 8vo 8 00 

" Country Houses, including designs for Cottages, Farm-houses, 

and Villas ; with remarks on the best modes of Warming 

and Ventilation. Finely illustrated 1 vol. 8vo 6 00 

•* Landscape Gkirdening and Rural Architecture. Finely illus- 
trated. 8vo 6 60 
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Prica 

EDWARDS. On the Ventilation of Dwelllng-Houses, and Utilization of 

Wapte Heat. By Frederic Edwards, Jr. 1 vol. 8vo. London, 1868. $6 25 

FIELD'S City Architecture. 1vol. 8vo 3 00 

FKANC18. On the Strength of Cast-iron Pillars. With Tables for the Use 
of Engineers, Archite^s, and Builders. By J. B. Francis, Civil Engineer. 
IvoLBvo. New York, 1865 Cloth 8 00 

GOUGE. New System of Ventilation, which has been thorouf^y tested 
under the patronise of many distinguished persons. By Henry A. Gouge. 
1 vol. Bvo. New Yorlc, 1870 Cloth 2 00 

HATFIELD. The American House-Carpenter. By R. G. Hatfield. Seventh 

edition. 8vo. New York, 1869 Cloth 3 6(U 

HOOD. A Practical Treatise on Warming Buildings by Hot Water, Steam, 9 

and Hot Air, on Ventilation, and the variou<* methods of distributing 
Artificial Heat. By Charles Hood. P.R.S. 1 vol. 8vo. London, 1869. Cloth 5 25 

HOLLSY'S Country Seats, containing Designs for Cottages, Villas, Man- 
sions, Railway Stations, &c. 1 vol. 4to . . . 5 00 

HUGHES' Gardening, Architecture, and Landscape Gardening. London. 

1vq1.8vo 7 50 

LEEDS. Lectures on Ventilation. By Lewis W. Leeds. New York, 1868. 

lyol.8vo 100 

LEUCIIERS. How to Build and Ventilate Hot-Houses. By P. B. Leuchers. 

Illut^trated. 1 vol. 12mo 150 

LORING and JENNEY. Principles and Practice of Architecture ; compris- 
ing 46 folio plates of Plans, Elevations, and Details of Churches, Dwell- 
ings, etc., constructed by the authors, S. E. Loring and W. L. B. Jenney. 
4to. Chicago, 1869 Cloth 12 00 

LOTH'S Practical Stair-Builder. A Complete Treatise on the Art of Building 

Stairs and Hand-rails. Illustrated with 80 original plates. 1 vol. large 4to. 10 00 

LOQDON'S Cyclopedia of Cottage, Farm, and "Villa Architecture and Furni- 
ture. 2,000 engravings. 1 vol. 4to 15 00 

MONUMENTA. An entirely new work, bein§ Designs for Tombs, Monu- 
ments, Head-Stones, Grave-Crosses, etc., with Working Details and De- 
scriptive Text by eminent Architects and others. 1 vol. 4to. London, 
1863 Cloth 21 00 

RAWLINSON. Designs for Factory, Furnace, and other tall Chimney Shafts. 

By R. Rawlinson, C.E. 1 vol. folio. London, 1859 Cloth 21 00 

ROBINSON. The Parks, Promenades, and Gardens of Paris, described and 
considered in relation to the wants of our own Cities, and of Public and 
Private Gardens. By W. Robinson, P.L.S. Illustrated. 8vo. London, 
1869 Cloth 9 00 

ROBINSON and TREDGOLD'S Carpentry and Joinery. With plates 3 00 

SHAW. Specimens of Tile Pavements, drawn from existing authorities. By 

Henry Shaw. 1 vol. 4to. Plates colored. London, 1858. 18 00 

SHAW'S Civil Architecture; being a complete Theoretical and Practical 
System of Building, containing the Fundamental Principles of the Art. 
By Edward Shaw. To which is added a Treatise on Gothic Architecture, 
etc., by T. W. SlUoway and Geo. M. Harding. Architects. Hlustrated by 
102 plates, engraved on copper. 1 vol. 4to. Philadelphia, 1870 10 00 

SLOAN'S Homestead Architecture. Containing 40 Designs for Villas, Cot- 
tages, etc 4 50 

SLOAN'S Ci|y and Suburban Architecture. Containing Designs for Public 

Edifices, Private Residences, and Mercantile BulldlngB 15 00 

SMITH. Acoustics of Public Buildings 75 

" Parks and Pleasure Grounds ; or. Practical Notes on Country Resi- 
dences, Villas, Public Parks and Gardens. By C. H. J. Smith. 
1vol. 12mo aoth 2 25 

TOMLINSON. Warming and Ventilation 1 5C 

VA UX'S Villas and Cottages. With nearly 500 engravings. 8vo, 8 00 

WALKER. Usefal Hints on Ventilation. Explanatory of its leading prin- 
ciples, and designed to fiicililate their application to all kinds of Buildings. 
By W. Walker, Engineer. 12mo. Manchester, 1850 Cloth 50 

WEIDENMANN. Beautliying Country Homes : a Hand-book of Landscape 
Gardening. Illustrated by plans of places already Improved. By J. 
Weldenmann. 1 vol. 4to. New York, 1870 16 00 
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WHEELER. Riiml Homei. or Sketches of Hqdkb ■oiled b 

~ "■ - ■ ~ " ■"" WUv,^,. 

Cloth ta OC 



Couptry Lile. nilb orlcliisl Plane, Deel^^g, etc. B; Qerraies 



WHEELER. Home* for the People In Bnhurb and Counirj, the VllU, 
Miineioii. du<1 Ihe Cottue. Bdspted to AmericiiD CIlioBte imd Wuite. ■>. 
GervelKe Wheeler, ArcUlect. lievleed edition, 1 vol. ISmo. Now Yorli, 

l»e Cloth S 

WOOIIWAED'S Country HoneBB. t2ino 1 

" CotlHge and Farm Uoneee. With 178 orlMiul fieulEUe kud 

PluQBOflon-pricsdCotlageBandFsrniHoDSfle 1 

" National Arehliect. A yery compleW work. Fallj lllm- 

it ATchltecte. 



Sarsl Chorch ArchllectnTe ; cont^niug 18 Designs by dlT- 

tryHoQBei; ' WlVh TO" Dt 
unples of the French oi 



□[ban and Country HoQBeB. With 70 DsBigne ind 
„. 1 — , .V. o — ch or Ctoleau J 



BRIDGES, ROOFS, &e. 

Price. 

BAKER'S Lone-Span Railway Drtdgea. London tH DO 

BASHFORTn. A Froctluil Treaties on the CosBtracHoD or Oblique Biidgea, 
with f plral and eqaltibrated conrBSB. Wllh 13 .platee. By F. Baah- 
ton]i,M.A. 8vo ^ ...aoth 4K> 

BOCK. A Praclicsl and Theoretical Eeeay on Obliqne BridiieB. By G. W. 

Bach.C.B. adeditlon. Corrected by W. H. Barlow. 1 vS. Sto. ., .Cloth SOD 

CAMl'IN. ConetracUon of Iron Booft BOO 

CHANUTE. The Kann(U> City Bridge, with an account of the Rt^en of the 
Mlseonri lUver, and Bdeecrlption of the Methods for Fonndlng Is Uiat 
River. ^ O'ChHiiate, ChlBf Engineer, and George Morison, AsBlstant 
Eneineer. niusttated. New Yorl. 1S70. ■Ito .Cloth 00 

CLAKKHL Description of the Iron Railway Bridge aoroBs the MlselHalppi 
River at Qulncy. niinois. By ThomaB Curtis Clarke, Chief Engineer. 
niuBtrated with nnmerouB plans. I vol. 4to. New York, 188».... TOO 

CULLUM'H BvBlem of Military Bridges hi the United SUtes and Europe. 

1 vol. 9vo. sea 

DBMPBEY. Iron Applied to Railway Straetures. comprlelug an abstnct of 
reBulta of experiments conducted under the authority of the Commla- 
Bionere sppolnted to Inqntre luto the application of Iron t« Hallway 
Stmctares, with practical notes Bud llluetraled plates and deecrlplloni of 
eome of the prindpal Railway Bridges. By G. D. Dempsey. CJi. 1 vol. 
410, with nlMee. liiDdoii, 1860 Paper B SS 

TiF.ypaitv 'The Fractica] Railway Engineer. By G, DryedalB Betopsey. C.K 

4th edltton, revised. lToJ.4t<i Cloth Wait 

DEMFBEY, A Budimentsry Treatise on the LocomotlTO EnEfne In all lu 

phaseB. ByQ. DryBdlleSempsey, C.E. Zdedition. iWeaTe's series) ... . TS 

DEMPSEY. Tubular and Iron Girder BrldgeB. Including Ihe Britannia and 

Conway Bridges. By G. D. Dempsey. IWeale'e seriee) W 

DOWLINQ. Iron Work. PracUcal FormnlsB and Rules fbr finding the Strain 
and Breahing Weight of Wionght Iron Bridges. By 0, B. DowUng, CSl. 
Ivol, 16mo GO 

FAIRBAIKN. An Account of the Construction of the Brllannis and Conway 
Tubular Bridges. With a complete History of their Proercee. EyWm. 
Falrlialm, C.E, 1 vol. 8to. London, 1M9 15 00 

OROVER. Estimates and Diagrams of Railway Bildges In the Embaukmenls 
of Double or Single Lines ; ^eo Colverts of varlouB dlmenslona. By 
J. W, Orovor, C.E: 4to. London, ISIO Cloth 16 76 

HAUFI'S Bridge Conetmctlon. With practical UlnstratlouB. evo S GO 

" Military Bridges. Including Detlgns far Trestle and Truea Bridgea. 

8vo.... ^ - BGO 

Caat and Wronebt-iron Brldgea and Girders, applied to Railway 
'ea, etc. With sa fnll-page plates. Imperial4lo six 
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Price. 
BUMBBR'S Cast and WroTight-iron Bridges. A complete Treatise, including 

Iron Foundations. Wiffi 80 double plates. In 2 vols. 4to $60 00 

MAYNARD'S Bridges, Roofs, etc, in Iron, with examples from actual 

practice. London 2 50 

KE&RILL'S Iron Trues Bridges for Railways. With a comparison of the 

most prominent Truss Bridges. Illustrated. 4to 5 00 

ROBINSON, TRKDGOLD and PRICE'S Roofs for Public and Private Build- 

BOBE&jING'S Long and Short Span Railway Bridges. With 16 ittne copper 

plates 25 00 

STONEY. The Theory of Strains in Girders and Similar Structures, with 
observations on the application of Theoiy to Practice, and Tables of 
Strength and other Properties of Material. By B. B. Stoney, B.A. 2 vols. 

8vo. Xondon,1869. Vol. 1, 2d edition Cloth 7 50 

Vol.2 10 50 

UNWINDS Wrought-iron Bridges and Roofs. London. 8yo 6 25 



CONSTRUCTIONS, STRENGTH OF M^TERI^LS, &c. 

ABELL^S Machinery Construction and Working $0 75 

" Plates to the above, 4to 3 75 

B AEER*S Strength of Beams, Columns, and Arches, in Cast or Wrought Iron 

or Steel. London. l2mo 4 50 

BAKER'S Railway Engineering; or, Pield-Work Preparatory to the Con- 
struction of Railways. Ivol. Bvo. By T.Baker 2 50 

BARLOW on the Strength of Materials. New edition, enlarged. 1 volume, 

8vo Cloth 9 00 

BLAND'S Arches, Piers, and Buttresses 75 

BOURNS. The Principles and Practice of Engineering, Trigonometrical, 
Subterraneous and Marine Surveying. With an Appendix. By Chas. 

Bourns. 8d edition. London, 1867. 1 vol. 8vo Cloth 2 50 

BURR. Instructions in Practical Surveying, Topographical Plan Drawing, 
and Sketching Ground without Instruments. 4th edition. By Geo. D. 

Burr. 1 vol. l2mo Cloth 3 00 

BURGOYNB'S Road-making and Macadamized Roads 75 

BURNS' Horse Railways for Street Traffic, etc. London. 1 vol. 12mo 75 

BURNELL'S Limes, Cements, and Mortars * 76 

COLE'S Contractor's Book, containing Working Drawings for Canal and 

Railroad Constructions 10 00 

DOBSON'S Foundations and Concrete Works 75 

" Mason^ and Stone Cutting 1 25 

" Art of Building 75 

BASTON'S Horse Railways; their Location, Construction, and Manage- 
ment 2 00 

FAIRBAIRN'S Application of Cast and Wrought Iron for Building Purposes. 

London. 8vo 8 00 

FBNWICK'S Mechanics of Construction, including theories of Strength of 

Materials for Roofs, Arches, and Suspension Bridges. London. 8vo.. .. 6 00 

FRANCIS. Strength of Cast-Iron Pillars : with Tables, etc. 8vo 2 00 

GILLESPIE'S Roads and Railroads; their Location, Construction, and 

Improvement 1 75 

GILLMORE'S Limes, Cements, and Mortars 4 00 

MAHAN'S Civil Bngineerinff, A Treatise on Stnictures and Materials 4 00 

JERVIS' Railway Construction and Management 2 00 

OLVER. Tables for Setting Out Half-Widths on Railways, Roads, Canals, 

and other Public Works. By J. S. Olver. 12mo. London, 1870. . . .Cloth 1 75 
TATE'S Strength of Materials as applied to Tubular Bridges, Wrought and 

Cast-iron !&ams, etc. London. 8vo 2 75 

WHILDIN'S Strength of Materials used in Engineering Constructions. 12mo. 2 00 
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Pric6 

ANDREWS^ TraatiBe on Agricultural Enj^eering. nhiBtrated $1 5C 

BAKER'S Land and Engmeerln^ Surveying IOC 

FBOME. Outline of the Metiiod of Conducting a Trigonometrical Survey, for 
the Formation of Geographical and Topographical Maps and Flans. Bv 

CoL Frome, Royal Engineers. Ivol.Svo. 3a edition. London, 1888. Cloth 6 00 

GILLESPIE'S Land Surveying. The best and latest work published 8 00 

GILLESPIE'S Higher Survepng. A Treatise on Leveling, Topography, 

Mining, Surveying, etc. Just published ; 2 60 

HAWBS' System of Rectangular Surveying employed in subdividing the 
Public Lands of the United States ; being a Manual of U. S. Goyermnent 

Surveying. 1vol. 8vo 8 00 

GUMMERE'S Surveying » 50 

LAW and BURNELL'S Engineering 2 25 

MENDELL'S Military Surveyingand Instruments. Illustrated 2 00 

PLANE TABLE, and its use in Topographical Surveying. Prom the papers 

of Coast Survey. Illustrated. 1 vol. 8vo 2 00 

RANKINE'S Manual of Civil Engineering 8 00 

ROBINSON'S Surveying and Navigation 2 5') 

SIMMS' Principles and Practice of Leveling 2 50 

PDR^ULIC ENGINEERING. 

BROOKLYN Water Works and Sewers : containing a Descriptive Acconnt of 
the Construction of the Works, and also Reports on the Brooklyn, Hart- 
ford, Belleville, and Cambridge Pumping Engines. With iUuBlxations. 

1 vol. folio Cloth 15 00 

BURNELL and SWINDELL. Well Sinking, Boring, and Pump-work 50 

" " Hydraulic Engineering 150 

COLBURN and MAW. The Water Works of London, together with a series 
of Articles on various other Water Works. By Zerah Colbum and Wm. 
H. Maw. 1 vol. royal Svo. lUustrnted. with, wood-cuts and two folding 

plates. London, 1867 8 75 

DEMPSEY. Draining Districts and Lands 75 

" Drainage and Se wer^e of Towns and Buildings 1 00 

EVANS' Young Millwright's and Miller's Guide 2 50 

FRANCIS' Lowell Hydraulic Experiments on Hydraulic Motors, flow of 

water in weirs, etc. 1 vol. 4to 15 00 

FENWICK'S Subterraneous Surveying. v 1 26 

FRENCH'S Principles, Process, and Effects of Draining Lands 1 50 

GLYNN'S Water Power as applied to MiUs 1 25 

HEWSON'S Embanking, Rivers, Levees, etc 2 00 

HUGHES' Waterworks for Cities and Towns 1 50 

KIRKWOOD. Report on the Filtration of River Waters for the Supply of 
Cities, as practised in Europe, made to the Board of Water Commis- 
sioners of tne ci^ of St. Louis. By James P. Klrkwood, C.B. Published 

by permission of the Board. Illustrated. 4to. New York, 1869. . . .Cloth 16 00 

KIRKWOOD. Collection of Reports and Opinions of Chemists in regard to 
the use of Lead Pipes for Service Pipes in the Distribution of Waters for 
the supply of cities. By J. P. Klrkwood, C.E. 1 vol. 8vo. New York, 

1869 Cloth 1 50 

KREPP. The Sewage Question ; being a General Review of all Systems and 
Methods hitherto employed in various countries for draining cities and . 
utilizing Sewage, with a description of Liernur's System, etc. By Fred. 

Chas. Krepp. London, 1857. 1 vol. Svo Cloth 6 25 

MONCRIEFF. Irrigation in Southern Europe. Being the Report of a Tour 
of Inspection of the Irrigation Works of France, m)ain, and Italy, under- 
taken m 1867-68 for the government of India. By Lieut. C. C. Scott Mon- 

crieff, C.E. lvol.8vo. London, 1868 15 00 

PALLETTE. The MiUer, Millwright, and Engineer's Guide 8 00 

STEVENSON'S Canal and River Engineering 8 00 

TEAfPLETON'8 Young Millwright's and Mfller's Guide 2 00 
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GEOLOGY, JOINING, i^ND METiJLLURGY. 

Price. 

BAUERMAN. Metallargy of Iron. Cootaining Oatlines of the HiBtory.of 

Iron Mannfoctnre, AnalyBis of Iron Ores, etc. l^no $2 5C 

DADDOW and BANNAN. Coal, Iron, and Oil ; or, the Practical Miner. A 

Plain and Popular Work on our Minee and Mineral ReBourcee, and a 

Text-Book or Guide to their Economical Development. With niuneroas 

Maps and Engravings. By S. H. Daddow and BenJ. Bannan. 1 volume, 

8vo:.. T :. Cloth 7 50 

DANA'S Manual of Geology, treating especially of American Geological 

History. 1 vol 5 50 

DAKA'S Manual of Mineralogy, including Observations on Mines, the 

Reduction of Ores, etc 1 75 

FAIRBAIRN. Iron: its History, Properties, and Processes of Mann- 

__focture 4 50 

B[ERL'S Metallurgy, adapted Arom the last German edition, treating especially 

on Iron. Vol.1 > 10 00 

LYELL'S Principles of Geology. 1 vol. 8vo 8 50 

" Elements of Geology. 1 vol. 8vo 8 60 

OVERMAN'S Metallurgy, comprising Mining and Metallurgical Operations. 

Ivol • • 5 00 

PEPPER'S Play Book of Metals, including Narratives of Visits to Coal, 

Lead, Copper, and Tin Mines 2 25 

PHILLIP'S Miningand Metallurgy of Gold and Silver 15 76 

SILVERSMITH'S Hand-book for Miners, Metallurgists and Assayers, with 

details of American Mining Practice 8 00 

URE'S Dictionary of Arts, Manufactures, and Mines. 3 vols 16 00 



DRAWING. 

APPLETON'S Cyclopedia of Drawing 10 00 

BECKER'S Letter Book and Ornamental Penmanship— a series of Analytical 

and Finished Alphabets 4 00 

COPLEY. A Set of Alphabets of all the Various Hands of Modem Use, with 

Examples in each Style > also, the Mechanical and Analytical Construction ^ 

of Letters, Figures, and Titles. Drawn and arranged by Frederick S. 

Copley. IvoL oblong. New York, 1870 8 00 

DAVSBIS. A Treatise on Shades and Shadows, and Linear Perspective. By 

C. Davies. 1 vol. Bvo 3 76 

BNTHOFFER. Manual of Topography ahd Text Book of Topographical 

Drawing. By J. Enthoffer, XL S. Coast Survey. 1 voL Bvo, with atlas. 

New York, 1870 15 OO 

JOPLING'S Practice of Isometrical Perspective. London. 8vo 1 60 

MAHAN'S Industrial Drawing, comprismg a Description and Uses of Draw- 

Ing Instruments " 8 OO 

MINIFIE'S Mechanical Drawing, including an Introduction to Isometrical 

Drawing and an Essay on Linear Perspective and Shadows. Finely 

illustrated. 1 vol. 8vo 4 00 

MINIFIE'S Geometrical Drawing— an abridgment of the above 1 6^" 

FRANG. Alphabets— Plain, Ornamented and Illiiminated. A selection by 

L. Prang & Co. Oblong Cloth 2 60 

SMITH'S Topographical Drawing. 1 vol. Bvo. Plates 2 00 

WARREN'S Manual of Projections 160 

" Linear Perspective 1 00 

" Plane Problems in Elementary Geometry 126 

" Descriptive Geometry 8 60 

'* Higher Linear Perspective 4 00 

" General Problems of Shades and Shadows '«i'^*^ 

WILLIAMS and PACKARD'S Ornamental Lettex li^ot '^ '^ 
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POCKET-BOOKS, Ti^BLES, 4c. 

Price. 

BYRNE'S Pocket-Book for Railroad and Civil BngineerB $1 76 

BURT'S Key for Solar Compaes S 75 

CROSS' Engineer's Field Book 1 60 

GRISWOIJJ'S Pocket Companion for the Field 1 75 

HASLETT'S Engineer's and Mechanic's Pocket-Book 2 50 

HASWELL'S Engineer's and Mechanic's Pocket-Book 3 00 

HBNCK'S Field Book for Civil Engineers 2 50 

MOLESWORTH'S Pocket-Book of Formolse for Engineers 2 00 

NTSTROM'S Pocket-Book of Mechanics and Engineering 2 50 

SCRIBNBR'S Pocket Table Book 2 00 

*"*■ Engineer's and Mechanic's Companion 2 00 

SHUNE. A Practical Treatise on Railway Corves, and Location, for Yoong 

Engineers. By W. P. Shunk 2 00 

TEMPLETON'S Millwright's and Engineer's Companion 2 60 

TRAUTWINE'S Excavations and Embankments 8 00 

" Railroad Curves '. ;... 8 00 

WARNER'S Theorems, Tables and Diagrams for the Compatation of 

Earthworks 6 85 



TREATISES ON INSTRUJJENTS. 



DICK. The Telescope and Microscope 80 

GURLEY'S Manual, illustrated 60 

HEATHER'S Treatise on Mathematical Instruments 76 

HOGG. The Microscope, History, Construction, and Application 8 60 

KENTISH Box of Instruments and Slide Rule, or Guide to Ganger, Seaman, 

and Student 1 25 

SIMM'S Mathematical Instruments 1 76 

STANLEY. A Descriptive Treatise on Matheiaatical Drawing Instruments, 
their Construction, Uses, Qualities, Selection, "Preservation, and Sug- 
gestions for Improvement ; with Hints upon Drawing and Coloring. By 

wm. Ford Stanley. 1 vol. 12mo. London, 1866 Cloth 2 60 

WARREN'S Draughtsman's Instruments 1 26 



MISCELLi^NEOUS. 



APPLETON'S Dictionary of Mechanics. 2 vols 20 00 

BOOTH and MORFIT. Encyclopedia of Chemistry, Practical and Theoretical. 

Royal Bvo 6 00 

DICTIONARY of Terms used by Builders. Architects, etc. (Weale's series). . 2 00 

GREGORY'S Mathematics for Practical Men • 8 00 

Nautical Almanac, with Ephemeris 100 

NICHOLSON'S Operative Mechanic and Machinist 16 75 

OVERMAN'S Mechanics, for the Millwright, Machinist, Civil Engineer, and 

Architect 2 00 

ROSCOE. Lessons in Elementary Chemistry. London. 12mo 180 

BTEVENSON Lighthouses, their Construction and Illumination 1 60 

VAN NOSTRANl)'S Engineering Magazine. Per No., 60 cents ; yearly, $6. 
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A4}Q>^DQents of Compass 16 

do Vernier Transit 38-42 

io Surveyors' Transit. 60-62 

do Solar Compass 76-79 

do Leveling Instrument. 112-118 

Adjusting Socket *. 80 

Ball, Compound Tangent 44 

Builders' Level 120 

Chains, Surveyors' 1 28 

Chains, Engineers' 129 

Chains, steel 126-129 

Compass, plain 14 

do Vernier 23 

do Railroad 52 

do Solar * 64 

do Miners' 123 

do Pocket 124 

Cross wire ring 30 

Clamp and tangent 36 

Drawing Instruments • • 133-148 

Drawing papers, pencils, colors, Ae 161-165 

Eye-piece, how composed 29 

Excellencies of the Vernier Transit 47 

Farm Level 120 

General matters -. , 126 

Jacob-staff socket t IS 

Leveling Instrument 107 

Leveling Hods • • 121 

Lacquering • W 
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Marking fint IdQ 

MaHons' Leyel 12C 

Micrometer • ••• ••*« ••• 81 

Needle Instramentfl •••••• 60 

Objeet-glass, how composed..... t. •« ..•••...•• 2W 

Parallax instrumental 43 

Pinion to eye glass 101 

Bcpainof Compass Id 

Bolar Compass 64 

Solar Compass, proper V2 

Solar Telescope Compass 94 

Tangent scale on sights 15 

Transit, Vernier. 28 

Transit, Sanreyors' 57 

Transit, Engineers' • 101 

Tripod head, light 58 

Tripod head, heavy ] 03 

Tripod logs, different sises of 1 26 

Theodolite axis 106 

Tapes, measuring /.. 1.31 

Vertical circle 36 

Vernier Compass 23 

Vernier transit 28 

V'atch •eleseope > 105 

Weight of Com passes, plain 22 

do Vernier 27 

do Railroad 55 

do Vernier Transit •••• 49 

4o Surveyors' Transit 62 

dc Solar Compasses 99 

4c Leveling Instrament •.*..•• •••• lifi 



THE RENSSELAER POLYTECUHC mSTITUTE. 

FOUNDED IN 1824. 



Tnis well known School of the Natural Soibnces and of Civiii 
Enginkbeing has just opened for the years 1871-72, with very fine 
promise. 

Tub Propessorships are well filled, and the incumbents of the 
different chairs have entered upon the duties of their departments 
with much zeal, and under very favorable auspices. The several 
Divisions are filling up, and the Preparatory Department embraces a 
respectable number of Students. 

Young gentlemen in various parts of the United States and the 
Canadas, who contemplate taking a thorough course in the Natural 
Sciences, and in the Higher Mathematics — and especially with a 
view to Mining or Civil Engineering, would do well to apply foi 
the New Register of 1871, that they may know more of the character 
and terms of the Institute, and have the Curriculum before tipui. 

Application may be made to Charles Drowne, C. E., Director; 
William H. Young, IVcasurer^ or the subscriber of this notice. 

JAMES FORSYTH, 

President of IL I\ Institute. 
Troy, May, 1871. 



SCIENTIFIC BOOKS 

FOR 

ENGINEERS, INVBMS, DRAUGHTSMEN, ETC., 

And for Higli Schools, Scientific Schools, etc* 



W. & L. E. GURLEY, 

Will sttpplt the following works on the Theory and Practici 

OF Geohbtrical Drawing. 

Published by John Wiley, 66 Walker Street, New York. 

Elementary Plane Problems. $1.25 

Drafting Instruments and Operations. Div. I. — Tri" 

drumentii and Materials, Div. II. — Instrumental Op^ra' 

iions. Div. III. — Construvtions in tioo Dlinensions. Div. 

* IV. — Elementary ^dhetica of Geometrical Drawing. 

Price, $1.25, 

Manual op Projections, etc. Div. I. — Elementary Pro- 
jections. Div. II.. — Details in Masonry, Wood and Metals, 
Div. III. — Elementary Shades and Shadows. Div. IV. — 
Jsometrical Drawing. Div. V. — Simple Structure Drawing, 
Price, $1.50. 

Elementary Linear Perspective. Part I. — Primitive 
Methods. Part II. — Derivative Methods. Price, $1.00. 

GENERAL PROBLEMS OF DESCRIPTIVE GE03IETRY, 

PRICE, $3.50. 

By S. EDWARD WAMMEX, C. E., 

Professor of Descriptive Oeometry and GeGmetrical Drawing in the Rcnnse- 

laer Polytechnic Institute, Troy, iV. F. 

The above published works are all fully illustrated with cuts and plates* 
They are used in several of the Scientific or Polytechnic Schools ol the 
country, and have received warm commendation in various quarters. The 
volumes of the Elementary Course are especially adapted for the nppei 
3l asses in High Schools and Academies, and for the Scientific Undcigrad- 
nate Courses in Colleges, as well as for the lower classes in the Polyteclinia 
Schools, and for the self-instruction of Artizans, etc. Vol. 6 is also espe- 
cially adapted for Ladies' Seminaries and Schools of Design, ij which tht 
principles of perspective are taught. 
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443 AND 445 Broadway, New York. 

D. APPLETON AND COMPANY 

HAVE RECENTLY PUBLISHED 

^Treatise on Laiid Surveying: 

THEORETICAL AND PRACTICAL. 

By W. M. GILLESPIE, LL D., 

ProfMior of Civil Engineering, Union College ; Author of " Manual of 

Roads and RailwaySy^' Sfc. 

1 Vol. 8vo.— 424 Pages.— $3.00. 

WITH FOUR HUNDRED ENGRAVINGS, AND A MAP SHOWING THE VARIA- 
TION OF THE NEEDLE IN THE UNITED STATES. 



■^ -mm^ » 



Among the leading peculiarities of the work are these : 

1. All the operations of surveying are developed from only five simple 
principles. 

2. A complete system of surveying with only a chain, a rope, or any aub- 
•titutc, is fully explained. 

3. Means of measuring inaccessible distances, in all possible cases, with the 
chain alone, are given in great variety, so as to constitute a Land Geometry, 
[t occupies 26 pages, with 58 figures. 

4. The Rectangular method of Compass -surveying is greatly simplified. 

5. The Traverse Table gives increased accuracy, in one-fifteenth of "the spooe 
•f the usual tables. 

6. The effect of the changes in the variation of the needle, on the resurvey of 
eld lines, is minutely illustrated. 

7. Correct tables of the times of elongation of the North Star are given ; 
those in common use being in some cases nearly half an hour out of the way. 

8. The adjustment of the engineer's Transit and Theodolite are here, for the 
first time, fully developed. 

9. Methods of avoiding obstacles in angular surveying occupy 24 pages, with 
85 figures. 

10. Topographical Mapping is fully described, with illustrations. 

11. Laying out, Parting off, and dividing up Land, are very fully explained, 
and illustrated by 50 figures. 

12 The most recent improvements in the method of surveying the Publie 
Lands of the United States, with the methods used for marking ** comers," are 
minutely described from oflicial authorities. 

A double object has been kept in view in the preparation of the volume, viz i 

to make an introductory treatise easy to bo mastered by the young scholar or 

the practical man of little previous acquirement, the only pre -requisites being 

Arithmetic and a little Geometry; and, at the same time, to make the instrue- 

lion of such a character as to lay a foundation broad enough and deep enougii 



Advertisement. 



for the most complete saperstruotare which the professional stadent may subse- 
quently wish to raise upon it. 

The volume is divided as follows : 

Part I. General Principles and Fundamental Operations. II. Chain Sur* 
yeying. III. Compass Surveying. IV. Transit and Theodolite Surveying. 
V. Trigonometrical Surveying. YI. Trilinear Surveying. VII. Obstacles ia 
Angular Surveying. VIII. Plain Table Surveying. IX. Surveying without 
Instruments. X. Mapping. XI. Laying out. Parting off, and Dividing up 
Lands. XII. United States Public Lands. 

Appendix. — A. Synopsis of Plain Trigonometry. B. Demonstrations of 
Problems. C. Leveling. 

Tablbs. — Chords for Platting. Latitudes and Departures. Natural Sines 
and Cosines. _.__«__«.«___«.««_«_«,__»_^ 

EXTRACTS FROM LETTERS. 

From Prof. Chas* W. Hacklbt, Columbia College, New York: 

''Prof. Gillespie's work is the most complete one in our language on the 
branches of surveying of which it treats." 

From Prof. D. H. Mahon, West Point Academy: 

''I have received Prof. Gillespie's work on Surveying, which you have had 
the kindness to send me. In this treatise. Prof. Gillespie has given another 
evidence of his practical apquaintance with the wants of the teacher and pupil 
in his specialty, and of his ability to meet them. His work, which presents 
several new features in its plan, is written with such plainness, and illustrated 
with such copiousness of diagram and detail, as cannot fail to render the subject 
of easy attainment to the most ordinary comprehension." 

From Prof. E. S. Shell, Amherst College: 

'' Please accept my thanks for the copy lately received of Prof. Gillespie's 
Surveying. I very much admire its systematic character, its completeness and 
fullness, and its adaptedness in all respects to the wants of the teacher, the 
pupil, and the practical Surveyor. I have seen no work which can at ail be 
brought into comparison with it." 

From Prof. Aua. W. Smith, Wesleyan University: 

''On examination, I find it the most full and complete of any work on Prac- 
tical Surveying with which I am acquainted. It furnishes information, minute 

and specific, on all points which are likely to occur in practice 

I know of no better work, or one better adapted to the wants of those who have 
not the aid of the living teacher." 

From J. W. Andrews, President of Marietta College, Ohio. 

^ " From my knowledge of the author, I was prepared to expect a work of de- 

sided excellence, and certainly I have not been disappointed I 

shall take great pleasure in recommending it to all who wish a full knowledge 
of surveying." 

From A. C. Rob, Principal of Cornwall Collegiate School: 

"I thank the author for the time and labor it has saved me, and express the 
creat satisfaction with which I have used it. Valuable in its plan and the 
happy manner in which the principles of the science are unfolded, it is still 
more so in those practical hints which I have seen in no other work, and whichy 
though of the greatest importance even to a beginner, I learned myself only after 
a long time, and very considerable experience." 



THE GREAT BOOKS OF THE DAT. 



QUACKE NBOS'S ARITH METICS. 

A Primary Arithmetic. Bdaatifully illustrated ; carries the beginnef 
throagh the first four Bales and the simple Tables, combining mentai 
exorcises with examples for the slate. ICmo. 108 pages. 40 ceats. 

4ii XSlementary Arithmetic. Reviews the subjects of the Primary ii 
a style adapted to somewhat maturer minds. Also embraces Frac- 
tions, Federal Money, Redaction, and- the Compoand Rules. 12mo. 
144 pages. 60 cents. 

A Practical Arithmetic. Prepared expressly for Common Schools, 
giving special prominence to the branches of Mercantile Arithmetic. 
12mo. 336 pages. $1. 

A Higher Arithmetic. In preparation. 

A Mental Arithmetic* Nearly ready. 

Olear; thorough; comprehensive ; logically arranged ; well graded ; sup- 
plied with a great variety of examples; brief and exact in their rules; 
condensed and searching in their analyses; teach the methods actually 
used by business-men ; up to the times; oblige the pupil to think in spite 
of himself; anticipate nothing; make the solution of a question an intel- 
ligent and not a mechanical process; the only books that a progressive 
teacher can afford to use; perfect text-books; with no defects. This is 
what teachers say of our new Series of Arithmetics (read their opinions on 
the opposite page). These are the features that are introducing them into 
schools everywhere. 

Look, in particular, at the Practical. Its definitions, rules and analyses 
are free from unnecessary words ; its methods are the shortest possible ; its 
mode of developing the subject is pronounced unequalled. Above all, it is 
the only book that recognizes all the important financial changes of the last 
five years. The prices given in the examples are those of the present day ; 
the difference between gold and currency is taught; the rate of duties 
. agrees with the present tariff; the mode of computing the national income 
tax is explained; the different classes of U. S. securities are described, and 
examples given to show the comparative results of investments in them. 
These are matters that every one should understand, and no Arithmetic 
that ignores them should be allowed to remain in the hands of our youth, 

Quackenbos's Arithmetics are used, to the exclusion of all others, in the 

Public Schools of Brooklyn and Jersey City. New York has adopted the 

whole series for its Common Schools. Our best Normal Schools and private 

institutions are introducing them. After examining them, teachers are 

an willing to use any others. 



aUACKENBOS'S ARITHMETICS. 
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"PERFECT TEXT-BOOKS,^ 

" WITH NO defects:' 

SOME OF OUR BEST TEACHERS 
READ THEIR OPINIONS. 



JTolin C* Harkness^ Principal of 
the Delaware State Normal School : 
'< We hare carefully examined the 
Practical Arithmetics before the 
American people, and to-day feel 
that said people owe a debt of gra- 
titude to Mr. Quaokenbos for kav- 
ing perfected a text- book in that 
department of education." 

£. D. Kingsleyy Superintendent 
PubUo Schools, Columbus, 0. : <<I 
have looked in vain, for the last 
ten years, for such a work. I re- 
gard it (the Primary) as the most 
. desirable treatise of the kind that 
has ever been published.*' 

/ohn C« Ridpath« Superintendent 
of Schools, Lawrenceburgh, Ind. : 
*^ I have examined the Arithme- 
tics, and in some particulars think 
them superior to any yet published. 
Especially do I regard the Primary 
as THE BEST which I have seen. 
The illustrations cannot be sur- 
passed : as a manual for the object 
method, it is just the thing." 

David Copelaudy President Hills - 
boro (Ohio) Female College: «« I 
consider Quackenbos's Practical 
Arithmetic superior to any similar 
work published in this country. 
The subjects are all treated in a 
superior manner." 

Salter Smart, Principal Class. 
Academy, Alleghany, Pa. : <' I 
consider Quackenbos's Practical 
the best Arithmetic I have ever had 
in my hands." 



Geo. W. Toddy Principal High 
School, Edgartown, Mass. : <^ With 
a class of thirty now in your Prac- 
tical Arithmetic, I cheerfully say 
I never saw its equal for the place 
it is designed to fill." 

CLester Holcombe, Prin. Public 
School No. 11, Brooklyn, N. Y. : 
« They have beqn in use among 
the twelve hundred scholars of 
whom I am in charge, for the past 
three months, and thus I have had 
ample opportunity to judge cf their 
merits. I am confident there is no 
other series of text-books on that 
subject of an equal degree of excel- 
lence. In the Primary I have 
found an unequalled manual for 
object teaching." 

Henry H. Fay, Principal of Eng- 
lish and Class. School, Newport, 
R. I. : ^< It is aLout six months 
since I introduced Quackenbos's 
Practical Arithmetic into my 
school, and / do not hesitate to 
pronounce it the best I have ever 
used." 

Sister M. Alfred, Superioress St. 
Francis School, Joliet, 111. : " We' 
have critically examined Quack- 
enbos's Primary and Elementary 
Arithmetics, and pronounce them 
the most excellent works of the 
kind. We are now using them 
with entire satisfaction to both 
ourselves and our pupils. No 
other books than Quackenbos's 
shall henceforth be used in our 
schools." 



We mail specimen copies of these standard books to any teacher or school 
0jlicer on receipt of one-half the abovs prices. A cartful examination is all 
we ask. Why use inferior books, when the best are within reach ? Tk$ 
it favorable terms made for introduction. Address 

J). APPLETON & Co., Publishers, 

443 ^ 445 Broadway, New York. 
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. SOEIBKEE'S • 

ENGINEEBS' ANO MECHANICS' COMPANION. 

COMPBISING— 

United States Weights and Measures, Mensuration of 
Superfices and Solids, Tables of Squares and Cubes, Square 
and Cube Boots, Circumference and Areas of Circles. The 
Mechanical Pouoers; centres of gravity, gravitation of bodios, 
pendulums, specific gravity of bodies, strength, weight, and 
crush of Materials, water wheels, hydrostatics, hydraulics, 
statics, centers of percussion and gyration, friction, heat, 
tables of the weights of metals, pipes, scantling, &c., && 
Bteam and Steam Engine. 

SIXTEENTH EDITION. BEVISED AND ENLABGED. 

By J. M. SCRIBNER, 

Author of ** JEngineera^ JPacket Table Booh," &e,, Ac^ 

BOUND IN TUCK. GILT. 

Eecommended in the highest terms by the profession 
throughout the United States. 

Copies sent to any address^ prepaid, carefully wrapped 
and plainly directed, on receipt of $2.00, by 

HAMEBSLE7 & 00., 

Pnbllahews. Hartford. Conn. 
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SOEEBNER'S 

ENjINEEBS', CONTBACTOBS', AND SUBTEYOBS' 

POCKET TABLE BOOK 

COMFBISIKG— ■ 

Logarithms of NnmberB, from 1 to 10,000 ; Points of the Compass ; Logarithmie 
Sines, Tangents, and Secants, to every point and qnaxter-point of the compass ; 
Hyperbolic Logarithms; Qeographical Miles in a Degree of Longitade; Velocity 
and Force of the Wind; Sines and Tangents; Traverse Table; Table of Natural 
Sines; Table of Natural Tangents; Areas of the Zones of a Circle; Areas of the 
Segments of a Circle ; Lengths of Circular Arcs ; Lengths of Circnlar Arcs, Badins 
being^nity; Proportions of the Lengths of Semi-elHptic Arcs ; Proportions of the 
Lengths of Circular Arcs ; Demonstration of the Prismoidal Formula; Brplanation 
If Excavation Tables; Tables of Excavation and Bmbankment,.71r«^/Sl!riM; Tables 
4f Excavation and Embankment, Second Series ; Tables of Excavation and Embank* 
ment. Third Series; Circunferences and Areas of Circles 1^ MgMks; Squares, 
Cabes, Square and Cube Boots; Circumferences and Areas of Circles by TeKthe; 
Weight of a Lineal Foot of Square Lron ; Weight of a Lineal Foot of Bound L-on ; 
Weight of a Lineal Foot of Flat Bar L-on; Weight of Cast Lron Pipe; Weight of 
Malleable Lron, Copper, and Lead Pipe ; Weight of Cast Iron Solid Cylinders ; 
Weight of Cast Iron and Lead Balls; Number of Nails and Spikes to the Pound; 
Table on the Strength of Columns of Wood; Table, showing tbe Dimensions of 
Cast Iron Columns for sustaining a given weight with safety ; Weight of Lead and 
Copper Pipes ; Table of the Strength of Materials ; Hints about laying out Curves ; 
Table of the quantity of Land for Bailroads and Canals ; Explanation of the quantity 
of Land for Bailroads and Canals; Difference of Level; Curvature of the Earth; 
Earthwork in Caoals; Angles of Slopes in Cuttings or Embankments; Mathematical 
Diagrams; Diagram for laying out Curves; Inclined Planes; Longitude affecting 
Time ; Experiments on the Strength of various species of Timber ; Stifibess of 
different Woods ; Comparative Strength of Bopes and Chains ; Weight in lbs. of a 
Foot in length of Cast Iron; Weight of a Cubic Foot of Yarions Substances; 
Scantling and Timber Measure, &c., &c., &c 

This book is largely used, and no better proof of its nseftdness can 
be given than that iaxX, CJopies sent to any address, prepaid, on 
leo^pt of (2.00, by 

HAMEBSLE7 & CO., 

Publishers, Hartford, Conn. 
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UNION COLLSaE, SCHENECTAD7, N. 7. 



The object of this Department, which was organized in 
Uniok College in 1845, is to give its Students such in- 
straction in the Theory and Practice of Civil Eh^ginebeing 
as to qualify them for immediate usefulness in the field and 
of&ce in subordinate relations, and at the same time to fit 
them to'fiU satisfactorily the higher positions in the pro- 
fession after a moderate amount of experience in the routine 
of practice. 

The efficiency which the Department gained under the 
late Peof. W. M. Gillespie, LL.D^ it is beUeved are well 
maintained under its present organization. 

The thoroughness and completeness of the course of 
instruction, the unsurpassed excellence of its illustrative ap- 
paratus, the opportunities and arrangements for field practice, 
the moderate charges . (130 per term), and the fact that 
Students have access without further charge to the teachings 
of the other Departments, commend the course to those 
contemplating the Engineering profession. 

For circulars, or for specific information, address Peor 
Oady Staley, or 

Pbbsideot OHAELES A. AIKEN. 



